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Abstract
Public and private incentive programs have encouraged conversions to high efficiency,
low emissions wood heating systems as a strategy to promote renewable energy and
support local economies in the Northeastern US. Despite these efforts, the adoption of
these systems remains slow. The study that is the subject of this dissertation examines
several social, economic, policy and environmental factors that affect the decisions of
individuals and small-scale institutions (local business and community facilities) to
transition to automated wood pellet boilers and furnaces (AWPH) utilizing local fuel
sources. Due to the complexity and risk associated with conversion, the transition to these
systems can help further both a practical and theoretical understanding of the global
transition to non-fossil fuel technologies. Chapter One of this dissertation examines this
notion in more detail, as well as spells out the research questions of this study. Chapter
Two delves into the research methods and their implications for other studies of energy
transitions. These methods include interviews with 60 consumers, technology and fuel
suppliers, and NGO and state agency personnel. These provided in-depth qualitative data
which are complemented by a four-state survey (New Hampshire, Vermont, New York,
and Maine) of adopters and informed non-adopters of AWPH systems (n=690; 38%
response rate). Interview and survey questions, as well as subsequent coding, was
developed through use of diffusion of innovation theory, the multi-level perspective on
sociotechnical transitions, as well as through collaboration with industry experts and
research partners. Chapters Three and Four offer a discussion of the results and their
implications. Specifically, Chapter Three examines the complex system actors, elements,
and interactions that are part of the transition from fossil fuel technology to AWPH.
Chapter Four focuses on the data surrounding state and private programs that encourage
the use of AWPH and the implications that this data has for effective climate mitigation
and energy policy. Data show that AWPH consumers, who should be considered “early
adopters” due to the small number of AWPH adopters in the region, are largely valuedriven but are also concerned about upfront costs and lack of available technical support
and fuel delivery options. Both environmental values (e.g. desire to find alternative to
fossil fuels, concern for air quality and belief in climate change) and social values (e.g.
support for the local economy and wood products industry) influenced consumer
decisions, especially when fuel oil prices were low. Financial incentives, which are
offered by all four states in the study region, were highly influential, but additional
decision support offered by a non-profit (e.g. site visits, informational workshops, local
print media) were rated highly by consumers where they were available. These additional
supports, as well as the community-based nature of the non-profit program, enabled a
broader range of people (lower income, more risk averse) to choose AWPH as well as
created more efficiency in the supply chain. This approach created a reinforcing feedback
loop between broader early adopters of AWPH, normalization of AWPH technology and
its associated infrastructure, and increased levels of technical support and fuel
availability. These findings suggest that efforts to increase adoption of renewable
technologies that use locally harvest fuels take a community-based and system-wide
approach, targeting both consumer and supplier motivations and barriers.
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Chapter One: Introduction
Due to the urgent need for climate change mitigation and adaptation, there is a
plethora of recent research on the adoption of renewable energy and energy efficiency
technologies. Some of this research focuses on adoption at the individual level: what
factors promote or prevent individual decisions to adopt, and how can adopters and nonadopters be characterized? Some of the research focuses on policy: what policies, or
policy mixes, result in the wide-scale adoption of renewable energy technologies or
energy efficient behaviors? Finally, much of the literature is theoretical: what are the
elements and actors within an energy system and how does a system transition occur?
These fields of inquiry are discussed briefly below and reviewed in each journal
manuscript. This dissertation contributes to the evolving understanding of the adoption of
renewable energy technologies by integrating these fields in an empirical study which
combines the perspectives of diverse system actors as well as potential adopters
influenced by two contrasting types of policy interventions.
The adoption of advanced wood pellet heating (AWPH) systems in the
northeastern US is an informative case for understanding energy transition policy. AWPH
technology consists of high-efficiency, low-emission wood pellet boilers and furnaces.
Unlike a wood or wood pellet stove, these boilers and furnaces represent an expensive
and potentially risky transition for homeowners who may be replacing a trusted and
familiar oil burner in their home. This technology is at an early stage of dissemination in
the northeast, and so choices of the systems themselves and of delivery of bulk fuel
companies are still limited. Similarly, because of the early stage of dissemination of
AWPH, potential adopters are not likely to know many, if any, other people or
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institutions that have adopted AWPH systems. This increases the perceived risk of
adoption due to the lack of visibility and normalcy. In addition, AWPH systems cannot
be “tried out” before purchase, so this lack of trialability along with lack of interpersonal
communication regarding AWPH also increases the risk of adoption. To counteract the
high upfront cost of AWPH, states in the northeast region states offer incentive programs
and a regional non-profit, the Northern Forest Center, has offered outreach and decision
support through the Model Neighborhood Program (MNP). This combination of factors
allows for the study of how a technology at an early stage of dissemination is influenced
by different policy initiatives. Moreover, AWPH systems represent an energy source that
can be locally derived and thus the transition includes elements such as forest
management practices, cultural perceptions of wood heating and forestry, energy security
and affordability, and local energy independence and economic sustainability. The
transition to AWPH in the northeastern US is one grounded in local traditions and the
local economy. The implications of this research are thus of particular relevance to local
governance and state energy and natural resource policies that aim, not only for increased
adoption of renewable energy, but also energy democracy, energy justice, and a
sustainable natural resource economy.
Given these aims of AWPH, its local and historical relevance, and its position as
an emerging technology, several states in the northeastern US offer financial incentives
for residents, businesses and public institutions to convert to AWPH technologies. The
MNP provides not only additional financial incentives, but also outreach and decision
support tools not included in the state-run programs. Northern Forest Center staff chose
one community or area in each of the four states it operates in (Vermont, New
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Hampshire, Maine, and New York), to enhance the opportunities for homeowners and
small-scale institutions (such as town halls, churches, and small businesses) and to
observe, purchase, and secure fuel for AWPH heating technologies. The program
provides highly visible models of automated wood pellet boilers in the community, works
with industry actors to increase supply and distribution networks of boilers and pellet
fuel, collaborates with local community representatives to offer one-on-one decision
support, conducts community-level meetings and workshops, and runs local print media
campaigns. Their strategy of conducting these activities in select communities, as
opposed to state-wide, is part of a purposeful effort to create neighborhood clusters of
AWPH technology users that create not only fuel security for pellet consumers, but also
efficiency for pellet distributors and service technicians. Their multi-faceted approach
stands in contrast to state programs, which offer limited outreach and decision support.
Given this multi-layered context of AWPH in the region, the research questions I
have pursued are:
1) What factors, from a consumer perspective, influence the decision to adopt a new,
expensive and potentially risky renewable energy technology, such as AWPH, at
the early stages of dissemination?
2) What additional factors that affect the growth and dissemination of a renewable
energy technology can be identified by taking a systems perspective to
understanding an energy transition?
3) What are the elements of effective policies and programs to promoting the
adoption of local and renewable heating technologies, given the integration of
consumer and systems perspectives?
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4) How do the methodological challenges that result from studying a technology in
the early stages of dissemination, or that results from dramatic changes in the
energy system landscape, reflect the challenges of the sociotechnical transition
itself?
This introductory chapter will examine the literature relevant to the examination of these
research questions, outline how the literature was used in the development and analysis of
the research, and discuss how the research questions are addressed in each of the chapters
of this dissertation.
Multi-Disciplinary Research
Chapter Two of this dissertation is an article, published in the journal Energy
Research and Social Science, that addresses the fourth research question: How do the
methodological challenges that result from studying a technology in the early stages of
dissemination, or that result from dramatic changes in the energy system landscape,
reflect the challenges of the sociotechnical transition itself? It describes the
methodological challenges of studying a technology that few people know about, let
alone have made informed decisions about, and the challenges that resulted from having a
dramatic drop in oil prices occur during the study period—a methodological challenge
that also resulted in an interesting data analysis opportunity. The article also describes
how the study incorporated the multi-disciplinary variables of a sociotechnical transition
into the research methods and thus, how the challenges of doing so reflect the challenges
within a sociotechnical transition itself. The challenges described in Chapter Two are the
challenges of a multi-disciplinary study that incorporates ecological, economic, and
social controversies. To deal with these challenges, this study had to draw lessons from
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previous natural resource and social science research (Khanal et. al. 2017, Coleman et. al.
2017, Soto et. al. 2016, Butler et. al. 2015, Leahy and Anderson 2010) as well as research
that included multiple perspectives and multiple data gathering methods in natural
resource settings (Schattman et. al. 2018).
Due to the ecological context of this study and the natural resource management
controversy surrounding the use of forests for energy, Chapter Two, as well as the other
chapters of this dissertation, draws upon previous research about the impact of AWPH
use on forests and the atmosphere and incorporates the discussion of sustainable fuel
sourcing and forest management into the data gathering instruments. For instance, both
the interview guides and the consumer survey used in this study incorporate the
possibility that study participants may hold views about woody biomass heating that is
either positive or negative, especially as it relates to impacts on carbon emissions and
forest health (see Appendices B-H for the interview guides, Appendix L the survey, and
see Chapter Two for a discussion on this topic). An examination of existing research on
the impacts of AWPH demonstrates that many disagree on these issues: supporters of
wood biomass heating point to the renewable nature of wood, as carbon that is released
through the burning of woody biomass is reabsorbed through new tree growth (Fanous
and Moomw 2018, Manomet 2010). Those who do not support wood energy, however,
note that the harvesting and combustion of trees produces higher carbon emissions per
unit of energy than many fossil fuels (the biomass carbon debt)—at least for several
decades or even centuries, before the growth of new trees is able to sequester as much
carbon as was released by the burning of harvested trees (Fanous and Moomaw 2018,
Gunn et. al. 2012, Schultze et. al. 2012, Mitchell et. al. 2012, Holtsmark 2012). For
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climate mitigation purposes, the catastrophic impacts of global climate change will be felt
long before the time required for bioenergy production to substitute the amount of carbon
that would be stored if forests were left unharvested (Mitchell et. al. 2012).
This dissertation is not a new conclusion about the debate surrounding the
sustainability of woody biomass energy. It does however, as mentioned, reflect the
diverse perspectives on these issues. It also incorporates into its context more nuanced
research that has been conducted on first, the impacts of burning wood for heating, as
opposed to electricity; two, the impacts of pellet combustion in highly efficient boilers
and furnaces, as opposed to less efficient biomass applications; three, the impacts of
using pellets that are harvested and produced locally, as opposed to the use of pellets that
are shipped overseas; and finally, the impacts of using pellets that are composed of
sawmill residue, as opposed to pellets that are composed primarily of pulpwood or small
diameter trees. For example, the background context of this dissertation considers
research demonstrating that when wood bioenergy substitutes fossil fuels for heating,
there is a shorter period of biomass carbon debt than when wood bioenergy used for
electricity (Buchholtz et. al. 2017, Manomet 2010). The chapters in this dissertation also
incorporate Pa et. al. 2012 and Pa et. al. 2013. The latter demonstrates the importance of
the combustion technology on efficiency and the production of emissions, including
greenhouse gases. Their research provides a life cycle analysis of residential wood pellet
heating and shows the health and atmospheric benefits of high-efficiency, low-emission
pellet boilers and furnaces when compared to other biomass heating applications (Pa et.
al. 2013). A lifecycle analysis in Pa et. al. 2013 demonstrates the critical difference in
greenhouse gas emissions when comparing pellets that are produced and used locally
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compared to pellets that are shipped overseas. Their research found, when analyzing the
human health, ecosystem quality, and climate change impacts of pellets made and used in
British Columbia versus those made in British Columbia but then shipped to port
Rotterdam in Europe, that marine transportation was the main contributor for all impact
categories (Pa et. al. 2013). In the northeastern US, there is no significant export of
pellets overseas (BERC 2017). Finally, the chapters in this dissertation utilize the
research of Buchholz et. al. 2017, whose research show that forest-based bioenergy in the
northeast region of the US can be renewable if harvests do not exceed growth and that it
can provide carbon benefits compared to fossil fuels if at least 50% of the material used
to produce pellets comes from sawmill residues (Buccholz et. al. 2017). These results
build off of earlier research which similarly suggests that an increased harvest level in
forests may result in increased levels of atmospheric carbon emissions (Zanchi 2012 et.
al., Holtsmark 2012). Through surveys conducted with pellet manufacturing mills in the
northeast region, Buchholtz at. al 2017 found that currently, 44% of total feedstock
consumption is from sawmill residues. To add further nuance to these studies, many of
these same researchers, as well as others, acknowledge that there are non-carbon related
benefits to woody biomass heating, including a system transition away from fossil fuels,
the conservation of working forests, the improvement of the regional economy, and the
maintenance of forest management infrastructure (Gunn et. al. 2012, Manomet 2010,
Kroetz and Friedland 2008).
More studies on the impact of forest biomass harvesting add further nuance to the
debate by demonstrating that the carbon and forest health benefits of wood biomass is
impacted by harvesting practices. These studies suggest that besides using local pellets
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for heating in highly efficient combustion technology, the biomass carbon debt, as well as
other impacts on forest stand structure and soil, can be minimized through sustainable
harvesting practices (Mika and Keeton 2015, Buchholtz et. al. 2013, Littlefield and
Keeton 2012).
Due to the specific and nuanced conditions under which these studies find wood
pellet heating can be beneficial, the chapters in this dissertation acknowledge that the
system transition that is the subject of this research is not appropriate as a wide-scale
system transition to AWPH alone as the dominant energy regime. Instead, the transition
to AWPH can be encompassed by a wider energy system goal of a transition away from
fossil fuels and towards a balanced energy mix that includes sustainable forest harvesting
and pellet delivery. Chapter Two thus draws a parallel between this transition outcome
and the participatory, system-based research methods of this study. It argues why a
mixed-method, system-based research approach, one that partners with and incorporates
multiple system actors and perspectives, is necessary both for this particular study, but
also for sociotechnical system transitions in general.
Diffusion of Innovation
Regarding research question one, which is examined in both chapters three and
four of this dissertation, there are considerable bodies of research across multiple social
science fields which examine how and why people choose to adopt new technologies or
green practices. Particularly relevant to the case of AWPH is the summary work of
Rogers (2003) because it highlights not only characteristics of the adopters, but also of
the technology itself and the communication channels which influence decisions.
Roger’s (2003) diffusion of innovations theory notes how early adopters may have
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different decision criteria than later adopters – a critical distinction for a technology in the
early stages of dissemination, such as AWPH. Moreover, it notes the importance of
“trialability”, “relative advantage” and “compatibility” which are all factors of particular
salience in the case of AWPH. Trialability is understood as the ability of a potential
adopter to try out a new technology, which may be easy for a light bulb but nearly
impossible for a home heating system. Relative advantage refers to how much an
innovation is perceived as being better than what came before it. Compatibility is how
much an innovation is perceived as being in line with existing values, experiences, and
needs (Rogers 2003). By structuring the interview guides and the survey to include those
decision elements; as well other elements recognized by diffusion of innovation theory
such as prior conditions, characteristics of the decision-maker, and communication
channels (Rogers 2003); the research team could construct a holistic understanding of
what factors drive the decision to adopt AWPH. All three journal articles comprising this
dissertation mention diffusion of innovation theory predominately due to its adopter
categorization (Rogers 2003). Each article emphasizes that the consumer participants in
the study, both adopters and non-adopters, represent innovators and early adopters in the
nascent market of AWPH and so were expected to have characteristics of these adopter
categories. The multi-level perspective of sociotechnical system transitions suggests that
these early adopters are critical in the process of developing a niche market, which can
then more widely diffuse (Geels 2005 and 2010).
The literature on what advances innovation diffusion from the early adopter
market to “the majority” is not scant and includes a subset of marketing research which
aims specifically to cross “the chasm” between early adopters and the majority (Moore
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2002). Advancing diffusion can even be found in research on small-scale renewable
heating technology such as ground source heat pumps (Karytsas and Choropanitis 2017),
wood pellet heating in Norway (Sopha et. al. 2011), innovative heating systems in
Sweden (Mahapatra 2008), and wood-fueled district heating systems in Austria
(Madlener 2007). This dissertation, in identifying energy system elements significant to
renewable energy adoption, add to this literature on advancing diffusion. The first
research question, taken on its own, focuses on consumers as an element of an energy
system and how their characteristics impact their own adoption. This question and its
answers thus add to a body of research that focuses on consumer attitudes and
perceptions of renewable energy technology (Dreyer et. al. 2017, van der Werff and Steg
2016, Taufik et. al. 2016, Faiers and Neame 2006). By combining the first research
question with the second, however, this dissertation expands on these approaches by
applying diffusion of innovation theory while examining consumer perceptions in the
wider context of sociotechnical system transitions.
Energy System Transitions
It is the wider context of sociotechnical system transitions that informs Chapter
Three of this dissertation and presents a holistic, multi-disciplinary, systems perspective
on a niche technology within a dominant energy system. Chapter Three utilizes Donnella
Meadow’s concept of leverage points in complex systems (Meadows 1999) to organize
the depiction of the energy system under study and to identify elements — whether
political, behavioral, or otherwise — and the outcomes of their interactions. In doing so,
Chapter Three broadens the understanding of AWPH adoption to one that is more than
just adoption of renewable energy technology, but an actual system transition that entails
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much more than a simple technological substitution (Geels 2005). This study recognizes
the diffusion of AWPH as one that includes interacting elements such as housing
infrastructure, forestry practices, international economic policy, regional economic
changes, cultural values and traditions, and communication networks. The motivations of
supply-side actors play as prominent a role as the motivations of consumers and the
context of paper mills, the timber industry, the cost of oil, and presidential elections is not
lost. By taking this systems perspective, this study contributes empirical data to the multilevel perspective on sociotechnical system transitions.
The multi-level perspective, as its name suggests, acknowledges the multiple
levels of elements within a sociotechnical system, and describes the way in which those
elements interact to produce a system transition (Geels 2005). These elements range from
the niche level, where early adopters are critical in their support and development of a
small niche market; to the regime level, where elements such as dominant housing
infrastructure and fuel supply networks exist; to the landscape level, where cultural and
economic changes put pressure on the dominant energy regime to change, or else create
“windows of opportunity” for niche innovations to break through into mainstream
markets (Geels 2005). This perspective is especially useful in broadening the attempt to
promote renewable technologies from neo-classical economics and the rational choice
model to a much wider attempt at restructuring an entire system of energy production and
consumption (Smith et. al. 2010, Geels 2010). This means in addition to price signals
and technological advancement, factors including available skilled workers, rules and
regulations aimed at facilitating innovative markets and fuel procurement, and other
system leverage points identified in Chapter Three are necessary for a system transition.
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It is toward this end that Chapter Three asks: what are the elements that make up the
energy system in the study region and what are the leverage points in that system as they
relate to the transition to advanced wood pellet heating?
System leverage points emerged as a more useful way to organize the research
around the above question than Ostrom’s Social-Ecological Systems Framework (SESF),
as originally proposed for this dissertation. SESF has a process for system
conceptualization and boundaries, but there was not a clear way to depict the outcome
metrics that resulted in causal loops between sociological, economic, and technical
interactions (Ostrom 2009, Forrester 1992). Meadows’ leverage points not only
specifically highlight these interactions, so critical in the understanding of sociotechnical
systems, but they also pay specific attention to if and how those leverage points can be
manipulated (useful for research aiming to provide real implications for stakeholders and
partners). In moving from concrete leverage points, such as parameters and buffers,
outward toward increasingly abstract concepts such as system goals and paradigms,
Meadows provides both a way to tackle the difficult task of conceptualizing a system
boundary as well limit the emphasis the multi-level perspective puts on the role of actors
aiming for deliberate visions in system dynamics and transitions (Genus and Coles 2008).
In this way, leverage points speak to both sustainability and energy policy and also critics
of the multi-level perspective who suspect transitions occur in a more bottom-up fashion
(Smith et. al. 2010, Genus and Coles 2008). Finally, the use of Meadows’ leverage points
as a means for conceptualizing the sociotechnical system under study addresses further
criticisms of the multi-level perspective to be better operationalized (Genus and Coles
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2008) while also capturing the complexity and multi-dimensional variables that a more
mathematical model would lack (Geels 2010).
Energy Policy
The third research question of this dissertation aims to answer: what are the
elements of effective policies and programs to promoting the adoption of local and
renewable heating technologies? In answering this question, Chapter Four of this
dissertation is part of a larger conversation about policies that accelerate the wide-spread
use of renewable energy technology. Much of the research on energy policy focuses on
renewable technology or energy efficiency in the electricity sector and focuses on largescale institutions in a national context (Nicolli and Vona 2019, Giest and Mukherjee
2018, Verma et. al. 2018, Rosenow et. al. 2017, Iychettira et. al. 2017, Rogge and
Johnstone 2017). Chapter Four contributes to understanding the diffusion of small-scale,
decentralized heating technology and the role governments and non-profits can play in
influencing the adoption of such technologies. While it explores effective policies and
programs to promote more wide-scale adoption of a still niche technology, it also
acknowledges the limits of that diffusion as part of a policy mix that includes sustainable
forest management and local fuel production. A recent study of economic and policy
factors driving large-scale institutional wood biomass heating in the US noted that the
amount of available forest residue in a county, and how rural a county is, plays a role in
how likely institutions in that county are to adopt woody biomass heating (Young et. al.
2018). In doing so, it suggests that national and state policies attempting to increase the
use of woody biomass heating focus on these areas (Young et. al. 2018). Chapter Four in
this dissertation builds on that research by comparing approaches that focus on areas such
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as these and approaches that do not have such a place-based focus. That comparison of
approaches, however, is not done by incorporating assumptions about rural, forested
areas into a quantitative model, as Young et. al. 2018 does, but by using empirical data
that provides insights into why and how local approaches work. It concludes with
detailed policy implications of what effective and sustainable approaches to promoting
efficient wood biomass heating would entail.
The policy implications outlined in Chapter Four of this dissertation are also part
of conversations in energy policy that focus on policy mixes that foster the transition
away from fossil fuel technology. These conversations emphasize not only a combination
of instruments (such as the promotion of research and development, withdrawing support
for fossil fuel technologies, financing and rebate policies, outreach and technical
assistance, and sustainable forest harvesting regulations), but they also emphasize the
participation of multiple actors (including non-traditional ones) and institutions in
developing and implementing these instruments (Rogge et. al. 2017, Busch et. al. 2017,
Imbert et. al. 2017, Rosenow et. al. 2017, Burke and Stephens 2017). The special case of
the Model Neighborhood Project in the transition from fossil fuel heating to small-scale
AWPH provided an opportunity to gather empirical data on the impact of policy mixes
that emphasize both traditional and non-traditional actors, that utilize energy behavioral
change instruments, that reduce risk in community-based renewable energy projects, and
that incorporate other social and environmental goals (such as healthy working forests,
energy justice and democracy, and local economic sustainability). By studying this
special intervention, this dissertation contributes concrete data and valuable policy
implications to the literature that addresses these critical aspects of energy system
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transitions (Giest and Mukherjee 2018, Busch et. al. 2017, Burke and Stephens 2017,
Frederiks et. al. 2016, Doci and Gotchev 2016, Dietz et. al. 2013). It also addresses some
of the criticisms of energy and social science research, namely in that it is not just a
“strengthening of the standard (techno-economic) approach to energy policy,” but instead
acknowledges and explores the multiple goals and roles that advanced wood pellet
heating has for people in their lives (Cooper 2017). The Model Neighborhood Project is
not just a renewable energy strategy, a forest management strategy, or a local
development strategy—it is a community-based mix of strategies towards all of these
ends.
The concluding chapter of this dissertation summarizes the key findings of all
three journal articles within the dissertation, acknowledges the limitations of these
findings, and examines their applicability to those involved in the transition from fossil
fuel to more renewable and local sources of energy. Appendices include detailed
methods, interview guides, the survey instrument, the NVivo codebook, and SPSS test
outputs and descriptive statistics.
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Chapter Two: To adopt or not to adopt? That was our question: Insights on energy
transitions from a study of advanced wood heating
Edling, L. and Danks, C. (2018). To adopt or not to adopt? That was our question:
Insights on energy transitions from a study of advanced wood heating. Energy Research
& Social Science https://doi.org/10.1016/j.erss.2018.06.019.
Abstract: The study of energy system transitions requires research methods that
incorporate multilayered systemic factors that span shifts in time, contexts, and actor
groups. To integrate this complexity into energy transition research can be a daunting
methodological challenge. However, it can illuminate how an energy system operates and
help identify the levers that inﬂuence a transition to sustainable energy sources. This
article describes how a multistate study of the strategies and policies to promote
advanced wood heating technology in the northeastern United States encountered
methodological challenges indicative of the broader problems faced in energy system
transitions. In particular, we found that changes in macrolevel systemic factors (e.g. price
of oil) and the early stage of diﬀusion of this particular technology complicate sampling
and ultimately aﬀect the application of results. While a participatory research approach
and use of key informants helped in developing the sampling strategy, survey questions
and access to study participants, it also introduced logistical diﬃculties and the potential
for pro-innovation bias. We describe the mixed methods used to capture the systemic
factors that aﬀect adoption of this technology and highlight implications for research on
interventions that seek to promote alternative energy technologies.
2.1 Introduction
In many parts of the world, energy systems are in transition from fossil fuels to more
locally produced, renewable technologies. In the United States, many state governments
are seeking to stimulate this transition by setting goals and oﬀering incentives. Despite
these eﬀorts, the transition to more renewable energy technologies has been slow and has
not yet reached the critical mass needed to make a signiﬁcant change in climate emission
mitigation eﬀorts (IPCC 2014). The slow pace of energy system transitions is due to the
fact that fossil fuel-based technologies are still largely supported by societal behavior,
expectations, and routines (Turnheim and Geels 2013, Strunz 2014, Geels 2010, Smith
et. al. 2010). Moreover, the supply chains, customer service, and physical infrastructure
for some alternative technologies are not yet in place. Such barriers reveal a strong link
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between social processes and technological transitions (Stephens et. al. 2015, Miller et.
al. 2014, Turnheim and Geels 2013, Geels 2007, Smith et. al. 2010). Yet eﬀorts to
support this transition tend to emphasize market-based incentives or technical ﬁxes
rather than more complex and diverse drivers of human behavior (Fri and Savitz 2014).
There is growing awareness, however, based upon recent research in pro-environmental
behavior and carbon-based energy consumption reduction, that energy policies and
programs need to integrate insights from social science research if they are to be
successful in meeting their renewable energy goals (Fri and Savitz 2014). This body of
work suggests that ﬁnancial mechanisms, while important, are not suﬃcient to shift
societies from fossil fuel dominant systems toward renewable energy. Instead, energy
policy needs to integrate issues such as social justice and economic equality (Burke and
Stephens 2017), values and environmental concerns (van der Werff and Steg 2016), and
social norms, as well as important elements of policy design and implementation (Dietz
et. al. 2013).
There have also been recent advances in the social sciences that analyze policy
strategies for transition to renewable energy and for energy eﬃciency (Burke and
Stephens 2017, Rogee et. al. 2017). This recent body of knowledge on energy behavior
and energy policy is valuable to those who seek to address climate change and other
issues of sustainability. What has been less documented, however, is the extent to which
the methods of these studies encounter challenges and dilemmas that reﬂect the complex,
multileveled, and fundamentally interdisciplinary nature of societies and ecosystems
within an energy system.
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This article adds to the methodological literature on energy policy interventions in a
way that both reveals how such research can encounter challenges speciﬁc to the study
of energy transitions and how such challenges parallel those that societies face when
making such a transition. In doing so, it presents the methodological approaches, delves
into the challenges that the study encountered in the study design process, and oﬀers
some broader lessons that emerged while dealing with those challenges. Of course,
methodological challenges are ubiquitous when scientists study real social systems. This
paper emphasizes the experience and decisions of the research team that are illustrative
of the ﬁeld of energy system transitions and the social processes that particularly aﬀect
such transitions. The research team’s reﬂections on these methodological challenges
engage theory that is speciﬁc to understanding the challenges societies face as they
pursue more sustainable energy sources. As such, the lessons derived in developing the
research methods for this study provide insights of particular relevance for the study of
energy system transitions and sustainability policy throughout the world.
This article is not intended to give a detailed account of data analysis or ﬁndings
from the study. Instead, it is meant to reﬂect upon the methodological issues we
encountered and oﬀer useful insights for future social science research in energy
systems. We will begin by describing the research study and then oﬀer a brief outline of
the theory that informed the design of its methods. We then describe the research
methods used and the issues that arose as the team sought to implement them. We
conclude with the implications that these challenges have for other studies of energy
system transitions and how these challenges parallel some of the problems that societies
themselves face during such a transition.
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2.2 The research study
Approximately 42% of all energy consumed in homes in the northeastern US is used
for space heating (EIA 2013). Thus, heating is a major target for programs and policies
that attempt to convince consumers to adopt low carbon technologies. Northern New
England and upstate New York are heavily forested, and heating with wood has been
commonplace for two centuries (Buchholtz and Gunn 2017; US Census Bureau 2015).
Thus, due partly to this pre-existing connection with wood heat in the local culture and
economy, energy programs in these states include the expansion of advanced woodbased heating technology as one of their renewable energy goals (Vermont Department
of Public Service 2016, New York State Energy Planning Board 2015, Governor’s
Energy Office State of Maine 2015, New Hampshire Office of Energy and Planning
2014).
Advanced wood heating technology typically consists of high-eﬃciency, lowemissions central heating systems that burn wood pellets, which are automatically fed to
boilers and furnaces when a thermostat calls for heat. These systems, while common in
many areas of Europe, are relatively new in the northeastern United States and state
incentive programs began only within the last decade. In addition to these automated
wood pellet systems, some states allow highly eﬃcient cord wood stoves to qualify for
advanced wood heating incentives. While not carbon neutral, these technologies can
reduce carbon emissions compared to fossil fuels when wood fuel is produced locally,
managed sustainably, and sourced largely from sawmill waste (Buchholtz and Gunn,
2017; Zanchi et. al. 2012; Gunn et. al. 2012, Pa 2012).
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Moreover, it supports the local jobs in the forest products industry and provides a
market for low value and waste materials. For these reasons, several states in the
northeastern US oﬀer ﬁnancial incentives for residents, businesses and communities to
convert to advanced wood heating technologies. These include the Vermont
Comprehensive Energy Plan and Vermont’s Clean Energy Development Fund, the
Renewable Heat New York initiative, and pellet boiler rebate programs in Maine and
New Hampshire. Our study focused on Maine, New Hampshire, New York and Vermont
because they oﬀered the opportunity to compare state-run consumer incentive programs
with a more comprehensive nonproﬁt-run program to promote advanced wood heating
technologies.
State programs vary regarding eligible fuel types, automation levels, cost share
percentages, and homeowner requirements. Despite these incentive programs, the level
of adoption of advanced wood heating technology remains low across the region (Table
1). Key informants in the industry say that few people install advanced wood heating
systems without state incentives, so these numbers are close to the statewide adoption
rates for this technology. Our study seeks to understand why adoption of advanced wood
heating technology in the northern forest region has remained low, despite potential long
term cost savings, environmental advantages, beneﬁts to local economies and state
incentive programs. It uses mixed methods, both qualitative and quantitative, to examine
the full range of factors and actors that aﬀect adoption of this new technology.

Single-family
homes

New
Hampshire

Vermont

Maine

New York

325

286

618

42

24

Small-scale
institution

60

77

0

3

Total

385

363

618

45

Table 1: Total number of participants in state-sponsored advanced wood heating
incentive programs
No matter in which state a heating consumer resides, when compared to fossil fuel
alternatives the upfront cost of advanced wood heating technology can be quite high, on
the order of $5000–$20,000 (or even more) depending on the system, even after state
incentives are incorporated. In addition, many homes and buildings require expensive
modiﬁcations to accommodate the fuel storage and other technical requirements of
advanced wood pellet boilers or furnaces. There are few regional suppliers of the
technology and relatively few technicians who can install and service these heating
systems. Moreover, bulk delivery of wood pellets, required by some state incentive
programs, is not widely available. Because few people have advanced wood heating,
most homeowners are unlikely to have friends or family with ﬁrsthand experience of this
heating technology, and many have concerns about reliability and fuel availability. For
these and other reasons, the adoption of advanced wood heating represents more than a
simple equipment substitution and is a good case for understanding the many factors that
aﬀect an energy system transition, especially at the early stages of the introduction of a
new technology.
This study is a collaborative eﬀort by the Northern Forest Center, a community
development nonproﬁt organization, and university researchers to understand factors
aﬀecting the adoption of advanced wood heating and to provide critical feedback to the
policies and programs that promote this technology. The mission of the Northern Forest
Center is “to build economic and community vitality while fostering sound forest
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stewardship across the Northern Forest of Maine, New Hampshire, Vermont and New
York,” (NFC, n.d.). The Center is not connected directly with the forest products
industry, but there are some people involved with forestry on their board. In addition,
their board includes regional leaders in conservation, community development,
education, and philanthropy and nonproﬁt management. The Center runs the Model
Neighborhood Project, a comprehensive, community-based initiative to increase the
adoption of advanced wood pellet boilers by providing outreach and decision support not
included in the state-run incentive programs. The Model Neighborhood Project worked
with one community in each of the four states to enhance the opportunities for
homeowners and small-scale institutions (such as town halls) to observe, purchase, and
secure fuel for advanced wood heating systems. The program provides highly visible
models of advanced wood pellet boilers in each community, works with industry actors
to increase supply and distribution networks of boilers and pellet fuel, collaborates with
local community representatives to oﬀer decision and technological support, conducts
community-level meetings and workshops, and run local print media campaigns. Their
choice of conducting these activities in selected communities, as opposed to statewide, is
a strategic eﬀort to create neighborhood clusters of advanced wood pellet technology
users that create not only fuel security for pellet consumers, but also eﬃciency for pellet
distributors and service technicians. Their multi-faceted approach —what we consider a
systems-based strategy — stands in contrast to the consumer-oriented ﬁnancial incentive
strategy of the state programs. Following Rogge and Reichardt (Rogge and Reichardt
2016)., both approaches can be considered strategies in that each consists of objectives,
in this case the increased adoption of advanced wood heating technology, and the plans
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for achieving those objectives. By comparing four state incentive programs, as well as a
nonproﬁt community-based program, this study presents the opportunity to compare
these strategies and gain insights into eﬀective approaches for promoting energy
transitions.
In attempting to compare these contrasting energy transition strategies, this study
encountered several methodological dilemmas which provide insight into both energy
transitions themselves and into the ways in which researchers can use mixed methods to
understand them. Some of these dilemmas revealed small-scale levers in the energy
system, such as the shifting priorities and goals of individual employees in state energy
agencies. Other issues developed from broader shifts in the energy system that occurred
over the course of the study. These shifts ranged from the debate over the climate
beneﬁts of wood-based energy to the dramatic changes in the price of oil. In order to
answer questions about which factors aﬀect wider adoption of advanced wood heating
technology, we not only had to incorporate the changing dynamics of an energy system
still in the process of transition, but also had to analyze the many elements that make up
the energy system itself. These system elements include the preferences and behaviors of
both adopters and non-adopters of advanced wood heating, the transition strategies of the
advanced wood heating programs in four states and one community organization, the
debate within the forestry sector about the environmental beneﬁts of wood-based energy,
and the roles of multiple levels of people and companies within the advanced wood
heating industry. Aspects of the socio-technical systems theory and diﬀusion of
innovations theory provided insights into these methodological issues.
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2.3 Theory guiding the research methods
2.3.1 Sociotechnical systems theory
Despite ﬁnancial incentive programs and the perceived economic, environmental,
and social advantages of advanced wood heating already mentioned, several signiﬁcant
barriers to adoption remain; some economic, but others relate to maintenance and
distribution networks, supporting infrastructure, or government policy design. Thus it is
an oversimpliﬁcation to assume that the transition to advanced wood pellet boilers is
simply a matter of technological or market substitution (Dietz et. al. 2013). This study
thus relies upon the literature of sociotechnical systems and the multi-level perspective
on energy system transitions to acquire a more comprehensive understanding of the
factors that inﬂuence the adoption of advanced wood heating. Sociotechnical systems
comprise a “cluster of elements, including technology, regulation, user practices and
markets, cultural meaning, infrastructure, maintenance networks and supply networks”
(Geels 2005). Understanding the transition to advanced wood heating technology from a
sociotechnical systems perspective provides the theoretical foundations for the methods
of this study. These methods fundamentally acknowledge that multiple groups of actors,
and not only individual consumers, are creating elements and linkages in the
sociotechnical system (Geels and Schot 2007, Geels 2010, Verbong and Geels 2012).
The methods thus had to look beyond individual adopters of advanced wood heating
technology and incorporate groups such as political actors, industry leaders, maintenance
and supply networks, and community organizations. They also had to incorporate
exogenous landscape developments and the larger material landscapes, as well as
signiﬁcant cultural developments that inﬂuence the sociotechnical system (Geels 2005,
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Geels 2010, Smith 2010). Energy system transitions, as deﬁned by the multi-level
perspective, occur as a part of the outcomes from the interplay among these
developments at diﬀerent levels — speciﬁcally, the niche level, where innovations occur
and are supported; the sociotechnical regime level, which is made up of a selfreinforcing structure of science, policy, technology, and market systems; and the
landscape level, which puts pressure on the socio- technical regime through large-scale
developments in the culture or the economy (Genus and Coles 2008, Geels 2005).
Part of what this study contributes to the statewide energy programs is an
understanding of the adoption of advanced wood heat as a sociotechnical system
transition, rather than one inﬂuenced by consumer incentives alone. This system-based
understanding will be able to provide new insights on expanding this and other
promising technologies. The study methods presented here do not attempt to provide
statistical generalizations about whether individuals will or will not adopt advanced
wood heating energy, but instead provide analytical generalizations about what
interventions might successfully inﬂuence a system transition, what societal goals for
heating energy systems may be, and how these generalizations apply to energy
transitions worldwide.
2.3.2 Diﬀusion of innovations theory
Diﬀusion of innovations theory was built upon decades of research in diverse ﬁelds
to understand the complex interaction of factors that aﬀect the adoption of new
technologies. Rogers 2003 describes the prior conditions, the characteristics of the
decision-making unit, the perceived characteristics of the innovation, and other
communication and temporal considerations that aﬀect the decision process. This theory
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informed our study methods, especially during the formulation of interview guides and
consumer surveys. This study also used diﬀusion of innovation theory as a foundation
for research on eﬀective communication channels and eﬀective promotional eﬀorts by
change agents (Madlener 2006, Rogers 2003). It includes deciphering the role of mass
media versus interpersonal channels in communication about an innovation and the
factors behind change agent success or failure (Rogers 2003). These aspects of diffusion
of innovations theory have become part of the overall sociotechnical system model in
our research design. This model outlines the interactions between advanced wood
heating technology adopters, non-adopters, and other critical actors such as policy
decision-makers, industry leaders, community organizations, foresters, and product
technicians and manufacturers. Finally, of particular relevance to this study is Rogers’
categorization of adopters based on a bell-curve from “innovators” and “early adopters”
through “late majority” and “laggards.” Each category represents somewhat diﬀerent
motivations, communication practices and perceptions of risk. The diﬀusion of advanced
wood heat technology is in its earliest phase, so factors aﬀecting the decision to adopt
would apply largely to the early adopter category, and not to the majority of potential
consumers.
2.3.3 Impacts of woody biomass on climate change
Another aspect of the sociotechnical system that must be included in a system-based
study of the use of wood for heating is forest management and the impact that the
transition to advanced wood heating has on forest health and forest carbon storage.
Recent research on the use of forest-based energy, especially wood-powered electricity,
has produced conﬂicting results on the beneﬁts to climate change mitigation and forest
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habitat, and is an additional complication to public understanding on the costs and
beneﬁts of advanced wood heating technology. To integrate ecological processes with
social and economic processes as part of a system-based understanding of the transition
to advanced wood heating adds complexity to the methods of research, but is a critical
aspect of the results that will provide policies and programs an understanding of how,
and under what conditions, advanced wood heating can be part of a renewable energy
mix.
2.4 Study methods and their challenges
The mixed methods of this study were chosen to compare state incentive programs
commonly used to promote consumer adoption of alternative and energy eﬃcient
technologies with a community-based, systems approach to encourage the full range of
supports needed to disseminate a new technology. Qualitative and quantitative methods
were combined to obtain a full range of perspectives as well as their prevalence.
Interviews were conducted to gain insights from diﬀerent system actors in all four states
and to inform development of a survey of adopters and non-adopters. These data are still
being analyzed and will be reported elsewhere. However, we encountered certain
methodological challenges and constraints that are worth sharing because they may
inform eﬀorts elsewhere to study the transitions to sustainable energy technologies. Most
of these challenges arose because advanced wood heating technologies are not yet
widely used in the northeastern US, as evidenced in Table 1.
The study of a technology in its early stages of dissemination may be problematic
because consumers in the general population with an informed opinion about it are rare.
In the case of advanced wood heating, most people in the four-state area have no
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knowledge of automated wood pellet furnaces or boilers and may confuse them with
common wood or pellet stoves. The eﬀorts needed to include both diverse system actors
and informed non-adopters adds complexity to the study design and has the potential to
introduce bias as described below.
2.4.1 Participatory-based research
This study was, from the outset, a highly collaborative eﬀort between academic
researchers and staﬀ at the Northern Forest Center. Staﬀ at the Northern Forest Center
were interested in the scientiﬁc rigor that academic partners could provide to evaluate the
Model Neighborhood Project and statewide eﬀorts to increase the adoption of advanced
wood heating. The university researchers were interested in the adoption of advanced
wood heat as a small, but illustrative part of the global energy system transition.
Working in partnership with the Northern Forest Center gave the academic researchers
valuable access to a nonproﬁt-led, systems-based approach to an energy system
transition, which provided a useful contrast to traditional state incentive programs.
Moreover, it helped researchers overcome some of the constraints of studying a
technology in its early adoption phase. This partnership enabled researchers to establish
connections and trust with many diﬀerent social networks and actors within the energy
system. The Model Neighborhood Project provided direct access to early adopters of
advanced wood heating technology as well as to informed non-adopters, deﬁned as those
who had gathered information about advanced wood heating technology (by attending
workshops or assessing the feasibility of conversion) and then chosen not to adopt. The
Northern Forest Center, as research partners, provided contact information for both
adopters and non-adopters within the Model Neighborhood Project sites and assisted in
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establishing connections with system actors, including key contacts with advanced wood
heating technology distributors and suppliers, industry informants, energy policy
decision-makers, and community organizations who advocate advanced wood heating.
Through their previously established relationships, the Northern Forest Center was able
to assist in explaining the purposes of the research to study participants in a way that
encouraged their participation and established trust and enthusiasm.
The Northern Forest Center was also an integral part of designing the research
methods and making decisions about sampling methods and interview and survey
instrument design. Several meetings were conducted with all of the researchers to which
each brought expertise, either about the theory or about the niche-innovation community
of advanced wood pellet heating. This combination of input resulted in decisions such as,
for example, the decision to stratify interviews with installers by level of involvement
with advanced wood heating or the decision to stratify adopters and non-adopters
according to whether they made their adoption decision before or after the price of oil
dropped dramatically in early 2015. These decisions were challenging in their logistical
complexity but made easier by the Northern Forest Center’s intimate knowledge about
actors within the advanced wood heating community.
Northern Forest Center staﬀ also introduced university researchers to the state
agency personnel responsible for administering state incentive programs. These
personnel became important research partners as discussed below. While they were not
as involved or invested as was the Northern Forest Center, they agreed to review and
administer the consumer surveys.

33

2.4.1.1 Challenge: avoiding pro-innovation bias
Rogers 2003 outlines several criticisms of research on the diﬀusion of innovations,
two of which are particularly relevant for this study: pro-innovation bias and individual
blame bias. Pro-innovation bias arises from an underlying assumption that an innovation
should be adopted (Rogers 2003). Individual blame bias may occur if researchers “side
with the change agencies that promote innovations” and attribute non-adoption to
characteristics of the consumer (Rogers 2003). These biases may be particularly
challenging for those whose research in funded by change agents, for those who are
researching successful diﬀusions and, in the case of this study, those who partner in
research with change agents such as the Northern Forest Center and state agencies. In
this case, the Northern Forest Center itself was conscious of such bias and explicitly
sought out university researchers for their ability to conduct rigorous, third party
research informed by theory. They did so for this study of adoption as well as an analysis
of the environmental impacts of advanced wood heating (Buchholz, Gunn and Saah
2017). Despite such awareness, their role in shaping research questions and methods still
had the potential to introduce unintentional bias.
The researchers felt that three steps mitigated potential pro-innovation biases. First,
university researchers consciously and consistently took the position that advanced wood
heating technology could not be assumed to be a good ﬁt for all residents, that it might
not meet all of the claims of its proponents, and that its successful diﬀusion should was
not a certainty. This neutral stance was reﬂected in internal discussions as well as the
choice and wording of survey and interview questions and communication with study
participants.
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Secondly, the inclusion of informed non-adopters in both interviews and the survey
brought diverse perspectives regarding the factors that aﬀected the decision to adopt.
Non-adopters could pinpoint aspects of the sociotechnical system that contributed to
their decision to reject advanced wood pellet heating, thus assisting researchers in
avoiding the tendency to “blame” the individual for not adopting the innovation. It was
far more diﬃcult to obtain the participation of those who decided to reject advanced
wood heating technology than to get the participation of adopters, but the eﬀort was
invaluable for the study. The experience of non-adopters not only addressed proinnovation bias, but also contributed to a more thorough understanding of the levers
within the system that impact adoption of advanced wood heating.
The third eﬀort to mitigate the pro-innovation bias was the inclusion of open-ended
questions in both the interviews and the survey. Throughout the survey, participants
could specify “other” and explain an alternative choice in addition to the opportunity for
open comments. These responses were ﬁrst coded for emergent themes by research
assistants unfamiliar with the nonproﬁt or state agency partners and their agendas.
2.4.2 Preliminary research
After the partnership between university researchers and the Northern Forest Center
was established, preliminary research was conducted that, when combined with the
theoretical literature, helped guide the themes of the subsequent interview guide and the
survey. The preliminary research used eight purposively sampled observations and
interviews. In order to better understand the technology, its fuel sources, supporting
infrastructure and marketing issues, these preliminary methods focused on key industry
actors in Vermont. Through years of experience interacting with energy consumers,
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energy policy, and energy-related cultural norms, these industry experts were able to
provide the research team with system-wide insights into the advanced wood heating
industry, as well as informed ideas on important policies and incentives. As with the
primary research partners, these informants had the potential to introduce pro-innovation
bias at an early stage in the research process. To mitigate, though not eliminate such
bias, these preliminary interviews and observations were recorded, coded, and analyzed
for emergent themes as well as those suggested by theory.
2.4.3 System actor interviews
After the preliminary research, 60 semi-structured interviews were conducted in
2016 and 2017. The goals of these interviews were threefold: 1) to help gain perspectives
from actors playing diﬀerent roles in promoting, providing and consuming advanced
wood heating technology in each of the four states, 2) to get an in-depth understanding
of the special case of the Model Neighborhood Project, and 3) to inform development of
the consumer survey. The research team held several meetings to decide whom to
interview within this regional energy system and how they should be stratiﬁed to ensure
that each node within the system was represented. Because small-scale public
institutions play an important role in modeling and disseminating this technology, it was
decided that adopters and non-adopters for such facilities should be interviewed, in
addition to homeowners. Further, in order to test the impact of dramatic changes in the
price of oil that had occurred in recent years, it was determined that these interview
groups should be stratiﬁed by date as well, speciﬁcally before and after the January
2015, when the price of oil dropped markedly. This multilayered stratiﬁcation system led
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to 32 cells in a table that represented categories of consumers to be interviewed (Table
2).
Adoption
Status

Adopters:
Model
Neighborhoo
d Project
(MNP)
Participants

Consume
r Type

Single
Family
Homes

Small-scale
Institutions

NonAdopters:
Those who
engaged
MNP
outreach but
chose not to
adopt

Single
Family
Homes

Small-scale
Institutions

New York

Vermont

New
Hampshire

Maine

Total

Before
1/1/20
15

After
1/1/20
15

Before
1/1/20
15

After
1/1/20
15

Before
1/1/20
15

After
1/1/20
15

Before
1/1/20
15

After
1/1/2
015

Total
Participa
tion

0

0

2

13

40

0

18

5

78

Sample
Size

0

0

1

3

5

0

3

2

14

Total
Participa
tion

1

1

1

4

3

0

4

6

20

Sample
Size

1

1

1

2

1

0

1

2

9

Total #
contact
informat
ion
available

0

16

2

2

17

0

18

1

57

Sample
Size

0

2

1

1

1

0

2

0

7

Total #
contact
informat
ion
available

0

4

6

1

0

0

4

0

15

Sample
Size

0

2

1

1

0

0

1

0

5

Table 2: Stratification of interviews by state, date, adoption status, and consumer type.
Number in bold font indicates the interview sample size compared to the non-bolded
number above it which indicates the total sample frame.
The Northern Forest Center provided the total number of Model Neighborhood
Project residential and small-scale institution adopters and non-adopters from each state,
together with the date when each made a decision whether to adopt the technology. The
team originally had a goal to interview 20% of the sample frame for each cell in Table 2.
Due to low numbers within and large diﬀerences among cells, that goal was modiﬁed to
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include at least one interviewee per cell, and more if the sampling frame was large and a
speciﬁc characteristic (consumer type, adopter status or date of adoption) was underrepresented in other states.
Using a random number generator, adopters and non-adopters to be interviewed were
selected within lists provided by the Model Neighborhood Project according to the
stratiﬁcation shown in Table 2. The contact protocol was to contact chosen interviewees
three times over two weeks. The ﬁrst contact was via e-mail from the Model
Neighborhood Project coordinator at the Northern Forest Center as a way to use a preestablished relationship to introduce the study and to introduce the interviewee to the
university researchers. If there was no response, then the researcher sent follow-up emails and phone calls.
Twenty-ﬁve additional interviews were conducted with other system actors: key
industry informants, advanced wood heating installers, energy policy representatives,
and Northern Forest Center community representatives. There is one local representative
in each Model Neighborhood Project community, all of whom were interviewed. In three
of the states, a single state employee administers the advanced wood heating incentive
program. In Vermont, there are two state-sponsored programs, each with an
administrator. All ﬁve state representatives were interviewed. In addition, four leading
industry advocates, one per state, were purposively selected to provide supply- side
insights on policies as well as technical issues regarding advanced wood heating
systems.
The team chose to interview 12 installers, three from each of the four states. Of these
three, one would be an installer for the Model Neighborhood Project, one would be an
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additional active installer, and one would be “less active”. “Less active” installers were
those who installed two systems or less in the previous year. With input from the
Northern Forest Center and the state program administrators, university researchers were
able to stratify installers by these categories and purposively select those most likely to
yield useful information. The rationale for this stratiﬁcation strategy came from the
preliminary research, which identiﬁed that installers are essential to a homeowner’s
decision to adopt. It was thus critical to gather perspectives from installers who based
their business on advanced wood heating as well as those who rely primary on fossil
fuel-based heating technology.
2.4.3.1 Challenge: sample sizes in studies of sociotechnical systems
This study’s interview sampling strategy demonstrates the complexity entailed in
identifying both the landscape-level factors (i.e. the price of oil) and the actors playing
diverse roles in the provision, promotion and consumption of alternative energy
technology. The sampling incorporated multiple state incentive programs, a
nongovernmental systems-based program, the dramatic change in the price of oil that
occurred after all of these approaches had been initiated, as well as the multiple layers of
social networks, supply chains, and actors within the energy system. The 32 cells in the
Table 2, as well as the additional interviews and their stratiﬁcation, demonstrate how the
research team attempted to account for niche, regime, and landscape-level developments.
Such an approach allows one to examine how those developments can put pressure on
the existing regime and either stabilize it or open up “windows of opportunities” for
niche-innovations such as advanced wood heating (Geels 2005). What this approach also
demonstrates is the challenge that qualitative researchers face when attempting to study a
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large and complex energy system. Such stratiﬁcation and sampling methods may result
in a sample size within each category of the system that does not reach data saturation—
a concept implying that more data would not lead to new insights (Creswell 2013). As
noted earlier, however, the goal of the interviews was not to reach data saturation within
each category, but rather to gain the perspectives of participants playing diﬀerent roles in
the provision of advanced wood heating and to inform survey development. That said,
preliminary analysis of interview data suggests that researchers did reach saturation with
regards to a robust understanding of the case of the Model Neighborhood Project when
data from all four states were pooled.
2.4.4 Consumer survey
To compare the impact of the systems-based approach of the Model Neighborhood
Project with the state-sponsored incentive programs, a survey was conducted of adopters
and non-adopters of advanced wood heating technology in the four states. Over 2000
surveys were distributed and the response rate was approximately 30%. To reach
adopters, the survey was sent to all individuals and organizations that had received state
incentives to purchase advanced wood heating technology. To reach informed, nonadopters, the survey was sent to those who had explored the feasibility of installing such
technology with distributors or installers active in the four-state area, but then ultimately
did not purchase one.
2.4.4.1 Challenge: identifying non-adopters during early stages of the diﬀusion of a new
technology
The research team had initially discussed using a representative sample of all
residents in the four states. However as noted earlier, because advanced wood heating
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technology remains at a niche level, many if not most residents would not have even
heard of advanced wood heating technology. Therefore, the team decided it would be
more fruitful to survey non-adopters who had some basic familiarity with the technology
and had taken steps to assess whether or not to adopt it.
2.4.4.2 Challenge: accessing adopters and non-adopters via partners
Nonproﬁt, state, and industry partners provided invaluable access to contact
information for both adopters and non-adopters. Their assistance varied, however, which
added to the complexity of survey administration and analysis. State program
administrators originally agreed to facilitate eﬀorts to contact all incentive program
participants, thereby allowing the team to survey almost all individuals or organizations
that had adopted this technology in the four states. However, because they wanted to
protect the privacy of program participants, most states agreed to send the survey and
reminders themselves. Unfortunately, the program administrator for one state left his
position before the survey was conducted. The new program coordinator, who did not
have a previous working relationship with the Northern Forest Center or the university
researchers, was not willing to collaborate with the research team on the survey. The
research team therefore needed to contact adopters through industry distributers for that
state, which meant that the sampling frame for the survey of adopters in one state was
diﬀerent there from the other three states. Fortunately, because there are few distributers
of this technology in the region, good coverage of adopters could be achieved through
their contact lists.
Contacting non-adopters was even more challenging. Because the state programs do
not keep track of non-adopters, the research team reached out to advanced wood heating
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system distributors and installers to collect the contact information for non-adopters.
Some companies were willing to give the research team contact information for these
potential customers, but others would not. Those who would not supply contact
information oﬀered to distribute the survey themselves. Additional lists of non-adopters
were supplied by the Model Neighborhood Project.
The survey format also ultimately varied by state and adopter type. One of the state
programs did not use e-mail to correspond with its participants, which meant that the
research team had to use paper surveys there and digital surveys elsewhere. This mix of
paper and digital surveys was also true for the non-adopters. Some distributors and
installers had e-mail addresses for non-adopters, while some had only postal addresses.
The research team is comparing results of the 250 paper surveys and 440 digital surveys
to determine how the survey format may have aﬀected non-response bias.
It was a daunting task to administer the survey though multiple partners in multiple
formats, to coordinate reminders, and to merge email and digital data sets, all the while
maintaining records and awareness of the possible biases introduced by variations in
survey administration. The logistical complexity of administering the survey is itself an
indicator of the messiness of researching an energy system that is still in the early stages
of the transition process. To survey across multiple renewable energy strategies and
states is both facilitated and complicated by the diverse priorities and methods of
research partners. Changes in the priorities of energy system actors reﬂect landscape and
regime-level developments that have an impact on sociotechnical systems as well as on
the study of those systems.
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2.4.4.3 Challenge: bipolar ordinal scale survey questions
A far simpler methodological challenge appeared in the development of the survey
instrument itself. During the preliminary research and during the interviews, many
contradictory statements were made about certain factors related to the adoption of
advanced wood heating technology. For example, some claimed the upfront cost was
low, while others claimed it was prohibitively high. Some thought advanced wood
heating beneﬁtted forest health and reduced their carbon footprint, while others were
more skeptical of those ideas. Some felt that is was signiﬁcantly easier to use and
maintain this technology than the heating system that they had used in the past, while
others felt it to be more diﬃcult. The research team therefore felt that respondents should
not only be asked how strongly certain factors inﬂuenced their decision to adopt or not
adopt advanced wood heating technology, but also whether those factors weighed in
favor or against adoption for them. This bipolar ordinal scale was troubling to all the
survey experts asked to review the survey by the research team. These experts felt the
survey would be easier for respondents if negative and positive factors were separated,
and the survey simply asked respondents to rate how inﬂuential they were on a unipolar
scale. After much consideration and piloting the survey with homeowners, however, the
research team decided to retain the bipolar scale for these survey questions. As the price
of oil changes and as the debate about the carbon beneﬁts of wood biomass continues,
these landscape-level factors can shift their inﬂuence on the energy system in positive or
negative ways for diﬀerent consumers.
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2.5 Sociotechnical system transition studies: lessons learned
The following lessons emerged from the methodological challenges of this study and
oﬀer important insights for energy transition research more broadly.
2.5.1. Partnerships with change agents in state and nonproﬁt sectors were invaluable
Having research partners that play active roles in an energy system under transition
can provide critical theoretical, logistical, and practical advantages to energy system
transition research. Through collaboration among university researchers, community
organizations and state agencies, research questions may be raised and answered through
both conventional scientiﬁc knowledge and other kinds of knowledge, often referred to
as local knowledge or civil science (Fortmann 2009). Including these other kinds of
knowledge improves understanding of the energy system, increases the accuracy of the
research, and ensures that the results of the research have an impact on the system under
study (Larrazábal 2012, Fortmann 2009). The Northern Forest Center staﬀ, who are
regional experts in advanced wood heating technology and policy, made invaluable
contributions as full research partners. They played essential roles in identifying the
research questions, ensuring that critical system components were identiﬁed, creating the
relationships necessary to implement the study methods, and ensuring that the research
results had an impact on policies and programs.
Our partnership with employees in the state energy agencies of the four northern
forest region states was especially valuable for the successful development and
implementation of the consumer surveys. Trust was built with agencies in several states
through connections established by the Northern Forest Center and through numerous
conversations between the researchers and the state program administrators. State
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partners were able to review survey drafts, ensure that questions were useful and
understandable, identify questions that would promote the understanding of the energy
system, and ﬁnally, send the survey to those who had received state incentives to
purchase advanced wood heating technology. This process embedded the state partners
in the research process to create a two-way ﬂow of knowledge and ensure that the
outcomes would be useful to all parties.
2.5.2 Partnerships with emerging energy industry actors were also valuable
When this study was ﬁrst conceptualized and designed, the critical role that leading
actors in the advanced wood heating industry would play in implementing the survey
was not fully realized. Several of these industry actors started as key informants in the
preliminary research stage and evolved to be collaborators in administering the survey.
As noted, the assistance of distributors and installers made it possible to identify and
survey informed non-adopters. Moreover, when a new state administrator created a
change in priorities for research on energy policy, these distributors and installers ﬁlled
the gap that had been created by providing researchers with contact information for
adopters in that state. Industry actors were initially hesitant to collaborate on aspects of
research that involved using customer contact information, such as sending out a survey.
Therefore, it was very important to establish trust and reciprocity in the relationships
between the researchers and the advanced wood heating industry. This trust was
developed through iterative correspondence, phone interviews, in-person meetings,
conﬁdentiality agreements, and oﬀers to share research policy-relevant results.
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2.5.3 Qualitative analysis is a critical component of energy system transition research
Surveys are limited in their ability to investigate the context in which a phenomenon
occurs, and the use of quantitative approaches alone results in crude approximations of
the way people understand themselves (Yin 2013, Kemmis and McTaggart 2005). In this
study, for example, surveys had a limited ability to capture the nuances that went into the
decision to purchase advanced wood heating technology, especially nuances related to
local culture and communication channels. However, as Creswell 2013 points out,
quantitative methods such as surveys can help researchers examine relationships among
variables, such as the importance of ﬁnancial incentives and the 2015 drop in oil prices.
Mixing qualitative and quantitative methods therefore allows researchers to develop a
detailed view of the meaning of a phenomenon for individuals and be able to generalize
their ﬁndings either statistically or theoretically (Creswell 2013, Yin 2013). A mixed
methods approach to collecting and analyzing data is about parsing and teasing apart
diﬀerent varieties of data and putting them together in ways that make sense of the
overall system (Neudoerffer et. al. 2005). This not only increases the construct validity
of the research, but it also validates local knowledge and emphasizes cooperation among
diﬀerent ways of doing science and understanding truth (Yin 2013, Fortmann 2009, Kay
2008).
Given this rationale for using a mixed methods approach for energy system research,
the decision to conduct both interviews and surveys was reached early in the research
timeline. The importance of using both interviews and surveys became increasingly
apparent when the stratiﬁcation of the energy system conﬁrmed that the interview
sample frame for each system component had a limited number of individuals in each of
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the many cells. Nevertheless, the interviews enabled the researchers to gather
perspectives within each component of a complex system and use them to elucidate the
survey instrument that would then provide robust statistical generalizations. Interviews
were also eﬀective for small actor groups, such as state-level policy representatives and
key industry informants. Interviews with diverse system actors aﬀords a robust
understanding of context, culture, and decision-making processes that, when added to the
survey results, allows researchers to piece together a sophisticated and nuanced
understanding of the sociotechnical system.
The transition to a new sociotechnical system necessarily begins with a technology in
the niche-innovation level of the multi-level perspective (Geels 2005, 2010). This level
consists of a small network of actors who support the innovation. As transition proceeds,
inﬂuenced by developments at the landscape and regime levels, the perception of niches
and the size of the supporting actor groups changes (Geels 2010). Thus, in order to
understand the role of developments in the landscape and regime level of the system
(such as changes in oil prices or changes in state- level policies), an examination of the
perspective of that small network of actors is a critical aspect of the study of an energy
system transition using a multi-level perspective. The methods of this study were chosen
in an attempt to capture not just the prevalence of perspectives, but also the nuanced and
complex motivations of system actors as they interact with larger economic, cultural and
political changes.
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2.5.4 Preliminary research with energy industry and policy experts helps to identify
energy system components and actors
When researching an energy system transition, preliminary research with industry
and policy experts can highlight macro- and meso-level factors that have a signiﬁcant
impact on the development of energy technology innovations. The preliminary research
for this study illustrated the critical importance of the price of oil and the shifting
attitudes toward fossil fuel companies. Macrolevel system factors such as these then
became elements that informed the interview guides, the survey instrument, and the
coding analysis. The shifting price of oil, as has been noted, even became a stratiﬁcation
point in the sample frame so that its impact on the innovation transition process could be
more thoroughly understood.
The preliminary research also revealed the social actors who played important roles
in the energy system transition and thus needed to be included among the interviewees.
In identifying advanced wood heating installers as a critical component in the adoption
process, key informants also elucidated the diﬀerences in installer involvement—from
those who business was entirely advanced wood heating to those who business involved
less than 1% advanced wood heating—and thus another important factor for interview
sample stratiﬁcation.
2.5.5 A sociotechnical systems framework provides insights into energy transitions
There is considerable research that examines the adoption of sustainable energy
technology and sustainable energy practices from the perspective of consumers acting on
a rational choice model (Faiers and Neame 2005, Madlener 2006, Mahapatra and
Gustavsson 2007). Additional studies focus on how consumers act on other decision
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factors, such as “valuation by feeling” or the “value-identity-personal norm” model
(Taufik et. al 2016, van der Werff and Steg 2016). There are, however, fewer case
studies that focus on the transition to a more sustainable energy technology using the
multi-level perspective and sociotechnical system theory. While these case studies can
build upon theories that focus on the individual adopter, their signiﬁcant contribution to
improving renewable energy strategies and policies is their capacity to include ecological
data on sustainability, local knowledge of multiple layers of actors in the energy system,
and landscape and regime-level developments that impact the transition of nicheinnovations. The experience of this study suggests that even the seemingly
straightforward methods for a systems-based study of an energy transition can be
complex in their execution. They entail long-term relationship building and dealing with
problems that arise when actors and elements within the system shift. These shifts,
however, give rise to insights into which elements within the system act as levers
(Meadows 1999). System-based studies therefore have the capacity to provide more than
just marketing advice about characteristics of potential adopters for new energy
technologies. When done well, they can provide change agents with insights into which
elements of the energy system are within their ability to inﬂuence and how to cope with
shifts in elements they cannot change.
2.6 In conclusion: a note of caution when studying early adopters and the value of policy
mixes
Our research sought to shed light on the global shift away from fossil fuels by
exploring one facet in one place in a way that informs current policies and programs
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while contributing to the broader, theoretical understanding of energy system transitions
occurring throughout the world.
Advanced wood heating may be a small, region-speciﬁc eﬀort to change consumer
energy practice, but it is an illustrative one. It provides a clear comparison of a simple
cost-focused approach to promoting the technology, in which consumer choice is best
inﬂuenced by ﬁnancial incentives, with a systems approach, which addresses market
infrastructure as well as consumer decision support. As the research team analyzes the
data, we recognize that any conclusions must acknowledge that this technology is in its
preliminary stages of dissemination. As noted earlier, the participation of change agents
in the research process contributed to a comprehensive understanding of the energy
system and provided access to the relatively small number of consumers who could
knowledgeably comment on the new technology during this early stage. While their
inﬂuence might have increased the risk of pro-innovation bias and individual blame bias,
such biases were recognized by the researchers. However, another bias might be at work
when there are few users of a new technology – what our research team and others call
“early adopter bias.” System elements and interventions that are attractive to early
adopters are not necessarily the same as those that inﬂuence the decisions of later
adopters (Rogers 2003). Therefore, caution is merited when drawing conclusions about
eﬀective measures to expand the use of advanced wood heating based on the data
collected at this early stage of dissemination.
These quotes from an adopter and a non-adopter on an open-ended survey question
reﬂect the multi-faceted considerations that consumers are balancing:
Adopter: We could have done it cheaper . . . [but] our primary goal was to stay local —
local fuel, local product, local service.
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Non-adopter: Yeah, in the back of my mind, yeah, that was a driving factor—wanting to
not be on oil. But in the end, I’m not willing to pay $5,000 or whatever it would be to get
oﬀ oil.
True, direct upfront cost is an important consideration, but for early adopters, other
values may outweigh cost. The non-adopter above may represent the perspective of later
adopters who would choose the technology that supports their values, provided the price
was right for them. Yet even to pursue the personal value of buying locally, the early
adopter needs to have the local supply chain in place – pellet fuel production and bulk
delivery as well as a vendor and service plan. Therefore, interventions to assist in
developing industry infrastructure may be needed to precede or at least accompany
consumer incentives.
Early adopters are characterized, in part, as people who value being at the leading
edge of innovation, whereas later adopters would prefer that technology and supporting
systems be well-established (Rogers 2003). These contrasting perspectives are reﬂected
in the survey quotes below:
Adopter: It was important for us to be part of building a sustainable economy. By
installing a wood pellet heating system, we are supporting the forest industry to further
their innovation and in creating a sustainable business.
Non-adopter: It’s a bit of a catch-22, but if wood pellet systems had a higher adoption
rate, then it would have been a more attractive option.
Findings based on the motivations and practices of early adopters may not be directly
applicable to the broader population. However, when a technology is in its earliest stages
of adoption, as suggested by the numbers in Table 1 for advanced wood heating, the only
study participants may be early adopters, change agents, or the innovators themselves.
Even our non-adopters may represent early adopter characteristics more strongly than the

51

late majority, following Rogers’ 2003 adopter categories. Restricting the pool of nonadopters to those with some exposure to the technology through the Model
Neighborhood Project or industry distributers was essential to get knowledgeable views
on the technology and interventions, but this may in itself contribute to early adopter
bias. However, even with this constraint, seeking out the perspectives of both adopters
and non-adopters can help elucidate the range of factors and policy mixes that could
promote system change.
The transition from one sociotechnical system to the next requires diverse and
reinforcing elements (Geels 2005). It is not surprising then, that recent studies have
increasingly demonstrated that policy mixes are required to foster low-carbon transitions
(Rogge et al. 2017). This need for a policy mix is paralleled by many of the
methodological challenges and choices described in this article. Even the research team’s
decision to use bipolar ordinal survey questions reﬂects that what is a signiﬁcant
advantage for an early adopter may be a signiﬁcant disadvantage for a later one.
Policy and program interventions aimed at fostering and accelerating the transition to
non-fossil fuel technologies must ultimately consider factors that appeal to diﬀerent
adopter categories and that evolve over time. The complexity of the research team’s
energy system stratiﬁcation methods and survey distribution methods parallel the
complexity of policy mixes that are necessary to target diﬀerent adopter categories.
Basic ﬁnancial incentives, for example, may appeal to later adopters, but if early
adopters are to establish the more robust distribution and maintenance networks that are
also critical to later adopters, then those factors that directly appeal to early adopters are
necessary to include in the transition strategy mix. These factors may include the
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establishment and support of local pellet mills that use locally harvested wood, the
development of sustainable biomass harvesting policies, and outreach programs that
focus on advanced wood heating’s ability to reduce carbon emissions when compared to
heating oil or ﬁrewood.
As with the results of other case studies on the transition to local and renewable
sources of energy, further analysis of the results from this research will shed light onto
the necessary, if complex, transition strategy mixes that will address the drivers and
barriers of energy system actors with diverse values, needs, and priorities. Methods of
energy transition case studies such as this one will likely include multiple research
partners with varying levels of commitment, mixed qualitative and quantitative studies,
multiple methods of participant contact, and a complex method of energy system
stratiﬁcation. These methods, however, despite their challenges, reﬂect results that will
contribute to the necessarily complex mix of strategies that will foster the transition of
diverse societies to low-carbon technologies.
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Chapter Three: What Came First: The Wood Pellet or the Boiler? Interacting
Leverage Points in a Sociotechnical System.
In preparation for publication in Energy Research and Social Science.
Abstract: While studies on the diffusion of energy technology often focus on one element
of the energy system, such as policies, personal values, cultural norms, or socioeconomics, this paper examines the complex suite of interacting factors within energy
systems during the early stages of energy technology diffusion. We studied the adoption
of automated wood pellet heating (AWPH) technology in the northeastern region of the
US as an example of an early stage transition. Using qualitative and quantitative data, we
identified leverage points that impact adoption of this technology. Sixty interviews across
four northeastern states (Maine, New Hampshire, Vermont, and New York) were
conducted: 35 with adopters and non-adopters of AWPH, 16 with industry
representatives, four with government actors, and four with community representatives.
Surveys were then distributed state-wide to both adopters and non-adopters with 690
usable responses (38% response rate). Results show that a community-based effort to
normalize AWPH and reduce the risks of low availability of fuel, technology and
technical support can reduce a self-reinforcing feedback loop between low availability
and low demand and build a new positive feedback loop between visible models of
AWPH and increased adoption rates. This new positive feedback loop is built upon the
value-based motivation of early adopters but may be able to address the concerns of other
potential adopters.
3.1 Introduction
Policy interventions and research designed to facilitate an energy transition to nonfossil fuel technology often focus on consumer behavior and in particular, consumer
sensitivity to price (Giest and Mukherjee 2018, Iychettira et. al. 2017, Sopha et. al. 2011,
Mahapatra and Gustavsson 2008). Thus, rebates, tax breaks, cost-sharing and financing
programs are common government interventions to promote the adoption of energysaving and renewable technologies (Giest and Mukherjee 2018, Dietz et. al. 2013). Many
studies, however, are demonstrating the importance of considering the communication
and supply networks behind renewable technologies (Busch et. al. 2017), as well as the
analysis of effective policy mixes (Giest and Mukherjee 2018, Burke and Stephens 2017,
Rogge et. al. 2017, Dietz et. al. 2013).
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This study empirically examines the transition to a non-fossil fuel technology,
automated wood pellet heating (AWPH) systems, in a region where state governments
have taken a consumer-oriented, cost-based approach to supporting the technology at a
very early stage of its dissemination. Despite financial incentive programs that lower the
upfront cost of purchase for the consumer, adoption rates of AWPH systems are very low
(Table 1), even in the northeastern United States — a region with a long history of
heating with wood. The adoption of AWPH technology in this region offers an
opportunity to use a sociotechnical systems perspective to understanding why adoption
rates are low, despite financial incentives, and to identify leverage points — places within
the system where an intervention produces changes in system outcomes (Meadows 1999)
—that open up when the focus is not solely on the consumer of renewable technologies.
This study asks the questions: what factors, both from a consumer perspective and from
other relevant perspectives, affect the growth and dissemination of a renewable energy
technology and, given the integration of these perspectives, what are the leverage points
in the energy system that can impact adoption of that technology?
The leverage points described here are not necessarily top-down strategies for state
actors to create change, a criticism of previous research on technological transitions
(Genus and Coles 2008, Smith et. al. 2010). By looking across multiple sectors and
states, this study limits overstating what any one single actor group, particularly those in
the policy-making domain, can accomplish by design (Genus and Cole 2008). Instead,
the study of complex factors and multiple actors demonstrates that leverage points exist
at multiple levels within a sociotechnical system. Furthermore, by analyzing a technology
still in the early stages of development and diffusion, as opposed to a historical account
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of a “winning” transition pathway, this research brings attention to the co-evolution of
society and technology, as well as elements that constrain and enable energy
transformation (Genus and Cole 2008, Rogers 2003). While this study analyzed a specific
technology in a specific region, the results illustrate how a variety of actors involved with
the transition to renewable energy can use a systems analysis to identify other leverage
points that will impact the adoption of sustainable and local energy technologies.
3.2 Background of the study
3.2.1 State approaches
Northern New England and upstate New York are heavily forested, and heating
with fuelwood is a historical and contemporary norm (Buchholtz and Gunn 2017; U.S.
Census Bureau 2015). Cold temperatures also mean space heating accounts for around
42% of all energy consumed in homes in the northeastern US (EIA 2013). Heating is thus
a major focus for programs and policies in the region aimed at the adoption of lowcarbon technologies and, due partly to the pre-existing connection with wood heat in the
local culture and economy, energy programs in these states (Vermont, New Hampshire,
Maine, and New York) include the expansion of AWPH technology as part of their
renewable energy goals (Vermont Department of Public Service 2016, New York State
Energy Planning Board 2015, Governor’s Energy Office State of Maine 2015, New
Hampshire Office of Energy and Planning 2014).
AWPH technology consists of high-efficiency, low-emission wood pellet boilers
and furnaces. Pellets for these automated systems are delivered in bulk and fed into a
pellet storage unit through a vacuum system. Pellets are then automatically transferred
via an auger or vacuum to the boiler or furnace and the system is controlled via a
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thermostat in much the same way that a fossil fuel-based boiler or furnace is used.
Research in the study region demonstrates that the use of these technologies can be
renewable and provide greenhouse gas benefits compared to fossil fuels, so long as forest
harvest levels do not exceed growth and so long as at least 50% of the total feedstock
consumption comes from sawmill residue, as opposed to forest harvesting operations
(Buchholtz et. al. 2017).
It is important to note that, while there is much controversy surrounding the
carbon benefits of forest biomass energy, much of the controversy comes from pellets
that are shipped overseas for electricity production (Fanous and Moomaw 2018).
Research on pellet use in highly efficient heating technologies, as opposed to electricity
or even other heating applications, show that AWPH can reduce carbon emissions when
the pellets are not shipped overseas and when sustainable harvesting guidelines are
practiced (Pa et. al. 2012 and 2013, Mika and Keeton 2015, Manomet 2010). In the
northeastern US, there is no significant export of pellets overseas (BERC 2017). Use of
AWPH can also support local jobs in the forest products industry, keep money spent on
fuel in the region, and provide a market for low-value wood and sawmill waste materials
(BTEC 2010, Kroetz and Friedland 2008). It may also support the conservation of
working forests and the maintenance of forest management infrastructure (Gunn et. al.
2012).
Despite these benefits of AWPH, there are important challenges that affect
adoption. When compared to fossil fuel alternatives, the upfront cost of this technology
can be quite high, on the order of $5,000 to $20,000 or more, depending on the system
and the size of the building. In addition, many homes and buildings require expensive
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modifications to accommodate the pellet storage and other technical requirements.
Compared to fossil fuel alternatives, there are few regional suppliers of AWPH
technology and relatively few technicians who can install and service these heating
systems. Moreover, bulk wood pellet delivery companies are limited in the region, unlike
fossil fuels. Lastly, because few people have AWPH systems, most homeowners are
unlikely to have friends or family with firsthand experience of this heating technology
and given this, as well as the fact that one cannot simply “try out” an AWPH system on a
trial basis, many people have concerns about reliability, fuel availability, and the impact
of a system on the value of their building. For these reasons, the adoption of AWPH
represents more than a simple technological substitution and is a good case for
understanding the multiple and interacting elements affecting an energy system
transition, especially at the early stages of the introduction of a new technology.
As AWPH is part of their renewable energy goals, states in the northeastern US
offer financial incentives to defray the upfront costs of adoption for residents, businesses
and public institutions to convert to AWPH technologies. Much of this funding comes
from the Regional Greenhouse Gas Initiative carbon auction proceeds (Buchholtz 2017).
These programs support the use of high-efficiency, low-emission technology that utilize
bulk pellets, as opposed to pellets purchased in individual bags, and offer in return a
certain percentage of the cost up to a certain amount. Two of the state programs also
include no-interest loans for AWPH technology and three include a limited level of
information provision through marketing and outreach campaigns, primarily through a
website. Despite the financial incentives, however, adoption of AWPH is relatively
uncommon, as evidenced in Table 1. Table 1 shows the amount of the financial incentive
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in each state and the number of participants in the programs at the time data was collected
for this study. Key informants in the industry say that few people install AWPH systems
without utilizing the state incentives, so the number of participants in the state-sponsored
financial incentive programs is close to the statewide adoption number. The adoption
rates of in all four states, based on these numbers, thus indicates that AWPH technology
is still in the very early stages of adoptions.
Efficiency
Vermont
(EVT)

Vermont
Renewable
Energy
Resource
Center
(VRERC)

New
Hampshire
Public
Utilities
Commission

Efficiency
Maine

New York
State Energy
Research
and
Development
Authority

Percentage
of cost
share

Flat $2,000

Flat $5,500
plus $500
for thermal
storage

40% (up to
$10,000)

33% (up to
$5,000)

45% (up to
$20,000)

Number of
participants

363
(includes
VRERC
participants)

363
385
(includes
EVT
participants)

618

45

State
adoption
rate

0.05%
(statewide)

0.05%
(statewide)

0.04%

0.0004%
(excludes
New York
City and
Long Island)

0.03%

Table 1: State automated wood pellet heating technology incentive program details and
adoption rates as of May of 2018
3.2.2 Model Neighborhood Project: a community-based, systems approach to promoting
technology adoption
Another approach in the region to increasing the adoption rate of AWPH technology
was initiated by the Northern Forest Center, a regional non-governmental organization
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focused on forest-based community development. From 2012 to 2018, the Northern
Forest Center led the Model Neighborhood Program (MNP), which provided additional
financial incentives ($1,500 to $8,000 with a cap of 30% of total equipment cost, based
on availability of state incentives and funds available to the Northern Forest Center),
outreach campaigns, and decision support tools not included in the state-run programs.
The MNP operated in one or multi-community clusters each within Vermont, New
Hampshire, Maine, and New York where it developed enhanced opportunities for
homeowners and small-scale institutions (such as town halls, churches, and small
businesses) to observe, purchase, and secure fuel for AWPH heating technologies. The
program strategically created highly visible models of automated wood pellet boilers in
the community, worked with local industry actors to increase the supply and distribution
networks of boilers and pellet fuel in the area, hired a local community representative in
each community to offer one-on-one decision and technological support, conducted
community-level meetings and demonstration workshops, and ran local print media
campaigns. Their strategy of conducting these activities in select communities, as
opposed to state-wide, was a purposeful effort to create neighborhood clusters of AWPH
technology users that create not only fuel security for pellet consumers, but also
efficiency for pellet distributors and service technicians. Their system-wide, communitybased approach stands in contrast to the state-run incentive programs, which offered very
limited outreach and decision support to consumers. It is this contrast in program
approaches that allowed this study to examine the promotion of AWPH from an energy
systems perspective and to identify the leverage points in that affect adoption.
3.3 Theoretical Frameworks
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3.3.1 Critiques of Neoclassical Economics
The financial incentive approach of the state programs focuses on stimulating
consumer demand for these systems by reducing their upfront cost. Some scholars (e.g.
Taufik et. al. 2016, Stern et. al. 2016) have noted that such a strategy is based on rational
choice theory which presumes that heating consumers act as rational economic actors
who aim to maximize their financial gains. This approach also reflects the neo-classical
economic conceptualization of technological transitions that perceives that innovations
and transitions gradually occur in response to changing prices (Geels 2010, Smith et. al.
2010).
Studies on energy efficiency measures and renewable energy technologies suggest
that upfront costs and energy prices do not always drive energy-related decision-making
(Stern et. al. 2016, van der Werff and Steg 2016, Taufik et. al. 2016, Dietz et. al. 2013)
and that the result is an “energy efficiency gap”—a gap between what economists and
policy-makers might expect for adoption rates (based on technical feasibility and
monetary costs) versus actual low adoption rates (Stern et. al. 2016, Dietz et. al. 2013,
Jaffe and Stavins 1994).
3.3.2 Diffusion of Innovations
Diffusion of innovations theory, as summarized by Rogers (2003), emphasizes the
importance of many system elements, including not only the characteristics of the
adopter, but also of the technology itself, as well as steps in the decision process,
diffusion networks, and influencers. Based on empirical data, Rogers denoted multiple
categories of adopters from innovators and early adopters through the majority to
“laggards” (Figure 1). In a departure from rational choice models, Rogers (2003)
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suggested that each category had somewhat different characteristics, motivations,
communication networks and decision criteria. These differences are important to keep in
mind when developing policy, communication, or even marketing approaches. An
approach that is effective for engaging early adopters may not motivate the majority of
consumers. Since AWPH is at a very early stage of diffusion, almost all adopters, and
many of the informed non-adopters included in this study, can be considered to be in this
early adopter category.

Figure 1: Adopter Categorization on the Basis of Innovativeness (Rogers 2003)
3.3.3 The Multi-level Perspective on Sociotechnical System Transitions
The multi-level perspective fits into a larger theory about energy system
transitions that acknowledges that the transition to new energy technologies is not simply
a matter of technological substitution—just swapping out one technology for another.
Instead, energy system transitions are about technologies and markets, but also about
policies, regulations, culture, symbolic meanings, user preferences, and infrastructure—
together referenced as a sociotechnical system (Geels 2005). Sociotechnical system
transitions can be hindered by lock-in mechanisms that create path dependency for a
certain type of technology. Path dependency on fossil fuel technology, created by lock-in
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mechanisms such as behavioral patterns, existing infrastructure, or subsidies, makes
transitions to new energy systems difficult (Genus and Coles 2008, Geels 2010). This
study builds upon the sociotechnical system transition literature by identifying the lock-in
mechanisms of fossil fuel heating technology that serve as a barrier to the adoption of
AWPH and also by acquiring a comprehensive, system-based understanding of the
adoption of AWPH.
Acquiring a system-based understanding of the adoption of AWPH requires
acknowledging that multiple groups of actors, not just individual consumers, are creating
elements and linkages in the energy system (Geels and Schot 2007, Geels 2010, Verbong
and Geels 2012). This study therefore went beyond the individual adopters of AWPH and
incorporated actor groups such as political representatives, industry leaders, maintenance
and supply networks, and community organizations (see Table 2). The study also took
into account exogenous landscape developments and the larger material landscape, as
well large cultural developments that influence energy systems (Geels 2005, Geels 2010,
Smith 2010). The multi-level perspective on sociotechnical systems suggests that
transitions occur from the interplay between these developments at different levels—
namely, the niche level, where innovations occur and are supported; the sociotechnical
regime level, which is made up of a self-reinforcing structure of science, policy,
technology, and market systems; and the landscape level, which puts pressure on the
sociotechnical regime through large-scale developments in the culture or the economy
(Genus and Coles 2008, Geels 2005).
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3.3.4 System Leverage Points
While the multi-level perspective theory offers extensive insights into sociotechnical
systems, it offers little by the way of a heuristic device for empirical research or a
systematic method for organizing data in sociotechnical transition studies (Genus and
Coles 2008). Even in the literature on broader system theory, system change requires
describing the system, but there is no objective process for system conceptualization
(Forrester 1992). This article therefore utilizes the leverage point theory of Donella
Meadows to organize the data and describe the energy system in the study region.
Meadows’ paper, Leverage Points: Places to Intervene in a System (1999), offers a
framework by which the dual objectives of this study can be met: understand the
interactions of system elements and the resulting outcomes, and identify the places within
the energy system where an intervention impacts AWPH adoption. Meadows’ paper is
organized by system leverage points, in increasing order of effectiveness, and so this
paper follows that organizational model. Table 2 lists and defines the leverage points in
Meadows’ paper that this study uses as a framework for understanding the elements
within the energy system transition.
Leverage Point

A place within the system where an intervention creates
change

Buffers

Protects the system from dramatic outflows and can be
difficult to change

Delays

Determinants of system behavior (e.g. long-term delays in
responses to short-term changes cause oscillations)

Positive Feedback
Loops

Self-reinforcing sources of growth in the system

Information Flows

Getting information to a place where it was not going before
creates a new feedback loop in the system
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Rules of the System

Define a system’s scope, boundaries, and degrees of
freedom (and so have the power to impact behavior)

Power to Change
System Structure

The ability to change and evolve the system for system
resilience

Goals

High leverage points in systems because everything else in a
system works to meet the goal

Paradigms

Shared social agreements about the nature of reality

Table 2: The leverage points, as defined by Meadows 1999, used as a framework for
understanding the elements of the energy system transition in this study
This list of leverage points demonstrates the use of stocks, flows, and feedback loops in
Meadows’ understanding of system dynamics—in other words, how systems are nonlinear. Feedback loops can amplify or stabilize a system, thus altering the inflow or
outflow of whatever stock the system is measuring.
3.4 Methods
3.4.1 Background
This study was conducted in Vermont, New Hampshire, Maine, and New York.
These states were chosen as the study site because they incorporate AWPH in their
renewable energy goals and because the MNP operates in these states and so comparisons
can be made across multiple energy transition strategies. These states were also chosen
because preliminary research found that the AWPH industry does not operate within the
boundaries of state lines but instead tends to span across, predominantly, these four
states. Bulk wood pellet delivery trucks, automated wood pellet boiler distributors and
installers, and wood pellet mills typically operate within more than one of these four
states.
Collaborative research methods between academic researchers and the Northern
Forest Center helped to overcome some of the constraints of studying a technology in its
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early adoption phase through the establishment of connections and trust with different
social networks and actors within the AWPH supply chain. The research team chose to
use mixed methods to compare the state incentive programs commonly used to promote
consumer adoption of energy efficient technologies with the alternative approach of the
MNP. Qualitative and quantitative methods were combined to obtain a full range of
perspectives, as well as their prevalence.
3.4.2 Qualitative Interviews
Sixty semi-structures interviews were conducted in 2016 and 2017 using
purposive sampling to help gain diverse perspectives from actors playing different roles
in promoting, providing and consuming AWPH technology in each of the four states.
Energy system actors were identified by Northern Forest Center staff, who had spent
years involved in the industry already, and by academic researchers who conducted
preliminary research. Table 3 provides the names and definitions of each system actor
group that was interviewed and the total number of interviews in each group.
Energy System Actor
Group
Adopters
Informed Non-Adopters

Installers

Definition

Number of Interviews

Those who adopted AWPH 23
Those who gathered
12
information about AWPH
(by attending workshops or
assessing the feasibility of
conversion) but then chose
not to adopt
Professional AWPH
12
installers and service
technicians (some may be
general HVAC installers
and other may only install
and service AWPH)
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Key Industry Informants

Community Partners

Government Actors

Those not only having ties
to the industry, but who
have also been involved
with energy policy as it
relates to advanced wood
heat
Community partners who
advocate for AWPH and
offer decision support in
MNP communities
State government
employees who make
decisions about and
implement state renewable
energy technology
programs

Total

4

4

5

60

Table 3: Energy system actors, definitions, and number of interviews
The 60 interviewees included early adopters of AWPH technology within the
MNP sites, as well as informed non-adopters. Interviewing within MNP sites enabled
researchers to get an in-depth understanding of the special case of the MNP. Interviewing
informed non-adopters, as well as adopters, allowed the research to address both
motivations and barriers to adopting AWPH. Energy system actors who were interviewed
also included AWPH technology installers and other key industry informants, community
partners who advocate for AWPH, and government actor. These interviews provided rich
qualitative data as well as informed development of the consumer survey subsequently
administered in all four of the research states.
3.4.3 Statewide Surveys
The survey was developed based on interview findings and the literature,
reviewed by experts in survey design and AWPH, and pre-tested with 12 volunteers. The
survey was then refined with this feedback and implemented following Dillman mixed70

mode survey methods (Dillman et. al. 2014). The survey was composed of 30 closedended questions with opportunity to write in comments and alternative answers for many
of the questions.
With the assistance of state agencies in the four-state region, the research team
attempted to reach all adopters who utilized state incentives for AWPH, which, as
mentioned above, was believed to represent nearly all adopters in the region. The team
then sought to reach an equal number of informed non-adopters, as defined in Table 2,
with the assistance of the Northern Forest Center and AWPH distributors and installers.
These groups had maintained lists of consumers who inquired about AWPH but may not
have chosen to purchase them. This sampling strategy was chosen, rather than random
state-wide sampling, because relatively few people have recently purchased new heating
systems and even fewer are familiar with AWPH. We specifically sought the opinions of
informed consumers who could comment on factors affecting their decision. Ultimately,
surveys were sent to 1,832 residents, businesses (including multi-family units), public
facilities (schools, community centers, town halls), and non-profit buildings between
November 2017 and March 2018. Surveys were sent in both paper and email format
(using SurveyMonkey), depending on the contact information available, with repeated
reminders sent over several months. Edling and Danks 2018 offers greater details
regarding the methods used for this study.
3.4.4 Analyses of data
All interviews were recorded, transcribed, and coded using NVivo software. The
codebook was developed using expected themes from diffusion of innovation and
sociotechnical system literature. These expectant themes include the characteristics,
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motivations, communication networks and decision criteria that Rogers (2003) developed
as relevant for categorization of adopter types. These include perceptions of AWPH and
its relative advantage compared to other heating technology or its compatibility with
interviewees’ needs or values. Expectant themes also included sociotechnical system
elements found in multi-level perspective literature such as landscape level factors (e.g.
the price of oil), or regime factors (e.g. pellet mill infrastructure). Emergent themes such
as the cultural significance of wood heating or the significance of knowledge that
neighbors were also adopting AWPH played an important role in qualitative coding.
Paper surveys were entered into SurveyMonkey and data were merged with email
surveys. Open-ended questions were coded and analysis was conducted in SPSS. We
used chi-squared tests in SPSS to test for significance in the distribution of percentages
across categorical data and nonparametric, Kruskal-Wallace tests to test for significance
in the average rankings of ordinal data among different category groups.
Of the 1,832 surveys that were sent, 690 usable surveys were returned, resulting
in a response rate of 38%. Despite efforts to get an equal number of each, the response
rate was considerably higher for adopters (67% of surveys returned) compared to nonadopters (33%). This difference can be expected because purchasers of AWPH systems
are much more vested in the topic. These response rates are higher than the 1.4-18%
response rates of similar studies done with adopters and non-adopters of solar PV
(Moezzi et al., 2017; Rai et al., 2016; Sigrin et. al., 2015). The high response rate may be
due to the assistance of trusted project partners in survey implementation, the high level
of interest that consumers have with this topic, and the rigorous use of the Dillman
method in survey implementation (Dillman et. al. 2014).
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To test for potential non-response bias, we called all 109 people for whom we had
telephone contacts but who did not respond to our survey (60 non-adopters and 49
adopters). We were able to reach 51 of these people, 30 adopters and 26 informed nonadopters. We asked the survey non-respondents to indicate the primary reason for not
responding to the survey, what type of heating system they currently use, and what the
primary reasons were for choosing that heating system. Results suggest no discernable
patterns between survey respondents and non-respondents with respect to heating source
and the primary reasons for the heating source. Eighty percent of the non-respondents
contacted said they did not get the survey or they could not remember if they had
received it, suggesting we had outdated contact information, or our electronic surveys had
been blocked by spam email filters. We therefore do not believe that there are any serious
non-response bias issues other than the fact that adopters of AWPH systems were more
likely to participate in our survey than informed non-adopters.
When we compared the demographics of the survey respondents to the demographics
of each survey state as a whole, we found that survey respondents were 10 to 20 years
older and twice as many had college degrees, but the median household income of survey
participants was about the same as for the states’ residents.
3.5 Results and Discussion: Leverage Points in the Energy System
The results of this study point to eight categories of leverage points in the
system transition from fossil fuel heating technology to AWPH (see Table 2) and
suggest that certain leverage points are critical for building early adopters while other
leverage points move adoption from these early adopters to the majority. As many of
these eight leverage points are described as high-impact by Meadows, these findings
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demonstrate that there is a strong connection between the evolution of society, or
landscape-level system factors, and the adoption of AWPH.
The data in Figure 2 showcases this relationship. The first question of the survey
asked participants, both adopters and informed non-adopters, to select their top two
reasons for considering the purchase of AWPH.

Figure 2: Top reasons survey participants considered AWPH. Percentages do not add up
to 100 because participants were asked to choose two factors.
The influence of wanting an alternative to fossil fuels, as well as the influence of
incentive outreach, is demonstrated here. The results described here highlight the
effectiveness that bottom-up, locally-based approaches have on these landscape-level
leverage points.
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3.5.1 Buffers: Protection Against Outflow in the Fossil Fuel System
Survey results showed that 70% of adopters are “very satisfied” with their AWPH
systems and 20% are “somewhat satisfied.” That compares to only 27% of informed nonadopters who are “very satisfied” with their current heating system and 39% of who
“somewhat satisfied.” Given the low adoption but high satisfaction rates, the data was
analyzed for both barriers to adoption of AWPH, but also lock-in mechanisms that
protect the stability of the current energy regime by creating path-dependency for fossil
fuel technology. These lock-in mechanisms function in much the same way that
Meadows describes stabilizing buffers as leverage points. They protect the system from
dramatic outflows and can be very difficult to change (Meadows 1999). Results from this
study show that buffers in the heating oil energy system take the form of inexpensive oil
prices, housing infrastructure, and the high density of heating oil technicians and fuel
supply.
To identify the buffers that prevent dramatic change, the survey asked participants
what kind of heating system they were considering replacing, if any, with AWPH. There
was no statistically significant relationship between what type of heating system a person
had before they considered AWPH and whether they adopted AWPH. However, for those
informed non-adopters who purchased a new heating system other than AWPH, those
who had previously had an oil system were more likely than those who did not to buy
another oil system. Alternatively, informed non-adopters who purchased a new heating
system and who had previously had a firewood stove, wood pellet stove, or firewood
boiler were not more likely to purchase a newer version of these systems, nor were they
more likely to purchase advanced cord wood heating technology. Given this, and given
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that there was no correlation between previously heating with wood of any kind and
adoption of AWPH, these results indicate that while early adopters are undergoing an
energy shift, those who are not early adopters and who heat with oil may be encountering
buffers promoting path dependency that those who are heating with wood are not
encountering.
Buffers emerged in the qualitative data as well. Interviewees frequently compared
AWPH to oil-based heating. The most common buffer mentioned, by all system actor
groups, was the relatively inexpensive cost of an oil heating system, followed by the wide
availability of fuel oil compared to pellets. “You can take out the Yellow Pages and there
are half a dozen people who will deliver you a tank of fuel oil tomorrow,” said one
interviewee. “You can’t do that with pellets.” Some of the industry actors talked about
reducing these stabilizing buffers as possible leverage points to intervene in the system,
but acknowledged the difficulty. A carbon tax, for example, to increase the price of oil
was mentioned by a quarter of the industry interviewees, but few had concrete ideas for
how to compete with the wide availability of fuel oil and fuel oil technicians. “There are
a lot of people that know about gas and oil, but there aren’t many people that know about
wood and wood pellets,” said one key industry informant. All government actor
interviewees said that one of the goals of the consumer incentive programs was a boost to
AWPH technician and pellet supply availability. “The…rebate program was intended in
part to create some critical mass and some density of demand for bulk pellet fuel to
provide greater incentives to the private sector to invest in the trucks and to develop that
whole supply infrastructures.” Despite this, as one HVAC contractor who also installs
AWPH systems revealed:
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You’re not going to get the typical HVAC contractor to really buy into
[selling AWPH] because there’s nothing in it for them, even though there
are customer incentives to get money back on a system. It may allow me
to sell a system a little bit easier because of the incentives, but at the end
of the day as a contractor, I don’t make a dime more money installing
these systems … As a matter of fact, I make more money installing
conventional systems.
Another installer echoed these concerns:
There’s no monetary incentive for me to sit down with a customer
and…sell my vision of where I think we should go…It’s my personal
belief, my personal mission to do these things. For a normal construction
company or HVAC company, it’s not going to be.
These comments illustrate how, for some industry actors, financial incentives to
consumers are not enough to break down the discrepancy between oil system and pellet
system suppliers in a way that meaningfully erodes the stabilizing buffers of the oil
heating industry.
Despite not matching the low upfront cost of fossil fuel technology, interviews
with early adopters indicated that incentives can influence decisions, not just in their
ability to reduce the upfront cost of AWPH, but through their ability to bring awareness
to the technology. When the survey data from Figure 2 was analyzed for statistical
difference between adopters and informed non-adopters in the distribution of percentages
across choice categories, the analysis revealed that adopters were significantly more
likely than informed non-adopters to choose “I found out about the available
rebates/incentives” as one of their top two reasons for considering the purchase of AWPH
(Table 4).

What were the top two reasons you considered
purchasing an automated wood heating system?
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Total

Did not choose “I found
out about the available
rebates/incentives.”
Did you purchase Yes Count 308
an automated
%
67.1%
wood pellet boiler
No Count 172
or furnace?
%
75.4%

I found out about the
available
rebates/incentives.
151
32.9%

459
100.0%

56
24.6%

228
100.0%

Total

207
30.1%

687
100.0%

Count 480
%
69.9%

Table 4: Adopters were significantly more likely than informed non-adopters to choose “I
found out about the available rebates/incentives” as one of their top two reasons for
considering the purchase of AWPH (p=0.0025).
These adopters who selected this, compared to those who did not, ranked incentives as
more highly influential in their decision. Those adopters who said, “I wanted an
alternative to fossil fuels” or who chose “other” as one of their top two reasons for
considering AWPH were significantly less influenced by incentives than those who did
not chose these reasons. These “other” reasons, which we asked survey participants to
write in, can be summarized as value-based reasons such as wanting to use locally-based
energy, wanting to support the forest industry, or a general desire to help the
environment. Informed non-adopters, on the other hand, were more likely than adopters
to choose “my heating bills were too expensive” as one of their top two reasons for
considering the purchase of AWPH (Table 5). There was no relationship between
choosing this reason and how highly significant incentives were ranked as part of the
decision process.
What were the top two reasons you
considered purchasing an automated wood
heating system?
Did not choose “My
My heating bills
heating bills were too
were too
expensive.”
expensive.
Total
78

Did you purchase an
automated wood pellet
boiler or furnace?

Yes Count 364
95
459
%
79.3%
20.7%
100.0%
No Count 149
79
228
%
65.4%
34.6%
100.0%
Total
Count 513
174
687
%
74.7%
25.3%
100.0%
Table 5: Informed non-adopters were more likely than adopters to choose “my heating
bills were too expensive” as one of their top two reasons for considering the purchase of
AWPH.
What the above data indicates is that incentives are important for those early
adopters who are swayed by them as a source of awareness and less important for early
adopters who are predominately value-motivated. For those who are predominately
motivated by economics, however, incentives are not functioning as an effective means
for bridging the gap between the cost of an oil system and the cost of AWPH. The low
price of oil is a strong buffer for the dominant energy system. Informed non-adopters, in
other words, who are more likely to remain with oil-based heating systems, are not
finding financial incentives enough to sway them to shift from oil. For those informed
non-adopters who were motivated to consider AWPH by the desire for an alternative to
fossil fuels, a higher incentive may have made them more likely to purchase AWPH,
indicating that there is a group of value-driven early adopters for whom financial
incentives would be highly significant. Yet there was no relationship between informed
non-adopters who chose “my heating bills were too expensive” as one of their top two
reasons for considering the purchase of AWPH and whether higher incentives would
have made them more likely to purchase an AWPH system—again demonstrating that
incentives may not be effective at changing the stabilizing buffer of low oil prices for
those for whom economics is of primary importance.
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Incentives thus have two functions: they work to bring awareness to AWPH,
which is critical for those early adopters who are not motivated by value-based reasons,
and they also financially help those who are motivated by values to shift their heating
systems. Those who are both early adopters and motivated by values to shift heating
systems do not need incentives to adopt AWPH. Financial incentives thus do contribute
to providing suppliers with a critical base of early adopters, but they are not enough to
propel diffusion from early adopters to the majority. They therefore do not bring supply
to a level that can erode the oil system buffer of wide supply availability. “We can’t make
[the contractor] offer [AWPH] to the customer,” said one government actor, recognizing
that the incentives offered are not impacting the level of supply. “If they don’t see the
demand as being something that’s going to be worth their while, then how do you get
them to go for it?”
One final buffer that emerged in the interviews is building infrastructure. “This
involves a total transformation of my heating system,” said one non-adopter interviewee.
“If you could just come in and replace the furnace,” said another, “that wasn’t a bad cost.
But doing all these modifications was.” Survey data found that building modifications
needed for AWPH installation was not as significant as other factors in the purchase
decision (such as upfront costs, ease of use and maintenance, and availability of bulk
delivered pellets), but that informed non-adopters felt these modifications were more
important to their decision than adopters and were more likely to have a negative
influence on their decision. The distribution of survey participants’ income was the same
across categories of how influential people ranked building modifications in their
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decision, so the cost of modifying a building designed for fossil-fuel heating represents a
buffer that even significant differences in income may not be able to overcome.
3.5.2 Delays: Responding to Changes in Stocks
Overcoming the problem of the limited inflow of stocks into the system is
difficult due to the delay that occurs when suppliers respond to an increase in demand.
This long-term delay cannot respond to short-term changes, thus resulting in oscillations
in the system that are not easily changeable (Meadows 1999). One industry expert
described how delays in the feedback loop cause problematic system behavior:
The dramatic changes in prices for oil and gas are magnified for the pellet
manufacturing sector. When there’s a demand caused by rising or high
conventional fuel prices, that demand is massive…and then there are
[pellet] shortages. And then when the oil prices drop, the mills have
geared up, and now they’ve got this momentum and they can’t stop. And
they build this huge inventory and they’re on death’s doorstep and laying
off people. So there’s like a whip effect for manufacturing. And I don’t
have the foggiest idea how to fix that but I think it’s a big deal. And it’s
scary for consumers.
Short-term changes in pellet demand cannot be responded to quickly by pellet
manufacturers. Pellet delivery suppliers also have a delay in response to demand due to
large capital investments, time needed for training, and complex state requirements for
consumer incentives. “It’s a big upfront initial investment,” said one installer about pellet
delivery trucks—on the order of $200,000 to $300,000. “So you’re not going to have a
dozen companies go out and buy bulk wood pellet delivery trucks when there’s no
marketplace.” According to interviews, consumer incentives are intended to help build
that marketplace, but many consumers are not willing to take those incentives without the
reliability of ample supply and support. “It’s the chicken and the egg,” as one installer put
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it. “There aren’t the boilers out there because people don’t think they are going to get
pellets and there aren’t the pellets being delivered because there aren’t enough boilers.”
Consumer incentives do not address the system delays in supply that prevent
many from adopting. Yet because they do succeed in influencing those driven by values
to explore energy alternatives, several industry actors expressed concern about
“overshooting” that consumer incentives may cause in the industry. Like the overproduction of pellets that occurs when oil prices are high, some installers worried that
incentives cause a surplus in demand for their business that will dry up as incentives do.
“It creates a false promise,” said one key industry informant. “A rebate is a double-edge
sword,” said another, referring to a rebate’s ability to create demand that is then lost
when the rebate is gone. “You basically have a bunch of starving companies barely
surviving on these handouts,” said a third. The majority of industry actors, however,
recognized what our data showed: that consumer incentives are critical for establishing a
base of niche supporters with value-based motives for adopting AWPH. Reducing delays
in the system should therefore not be done by eliminating consumer incentives, but rather
by reducing supply actors’ barriers to entry into the AWPH industry and by eliminating
dramatic drops in oil prices.
3.5.3 Positive Feedback Loops: Reinforcing the Energy System
Because of the learning curve and large capital investments needed to enter the
AWPH industry, there can be long delays in expanding the availability of distributors,
technicians and fuel supply, even as demand grows. Industry actors need to be assured of
demand to make these investments. As the data on adoption barriers demonstrates,
however, consumer demand may not build past early adopters until enough industry
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actors make the capital and time investments to be in the AWPH industry. This is a selfreinforcing loop that stagnates the growth AWPH availability and adoption. Our study of
the Model Neighborhood Project, however, indicates that there are successful methods
for reducing this self-reinforcing loop and beginning a new positive feedback loop that
builds on a process of increased adoption. Decision support tools employed by the MNP
created a loop in the system that self-perpetuated positive adoption rates. These tools,
including locally-based outreach, additional financial incentives, affordable loan
information, energy audits, and local models of previously installed AWPH systems, led
to adoption rates greater than the statewide adoption rates (0.4% in NH, 0.3% in ME,
0.05% in VT, and 0.02% in NY). These greater rates of adoption in the MNP areas
created dense neighborhood clusters of AWPH, further increasing visual models of
AWPH and word-of-mouth references. This, in turn, increased supply and support
networks and decreased the risk of adoption (see Chapter Four for a detailed discussion
on the MNP methods and how they reduced risk and increased adoption rates).
Several interviewees captured the power of this positive feedback loop as a
leverage point. A community representative from the Northern Forest Center said:
Underlying the whole Model Neighborhood concept is to create an
ecosystem of modern wood heating in a community. So we have the
installers in place, and the program in place, the support person in
place…and also the bulk delivery in place…and with an enthusiastic
group of early adopters that can kind of pave the way for others.
An AWPH installer and technician said:
The Model Neighborhood was nice because it was basically a door-todoor system. Everybody was getting involved…[It] definitely helped
getting the word out there. A lot of people are looking at [AWPH]
differently…It was the whole system put together with the 0% loan, the
rebate, and then the program…. would help you insulate your home a little
better.
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While each one of the supply side actor interviewees mentioned the importance of wordof-mouth references for adopters, those involved in the MNP, like the installer quote
above, captured the ability of a system approach to not just create references, but to
create a positive feedback loop leverage point that alters the energy system.
3.5.4 Information Flows
Part of creating of a new positive feedback loop is getting information to a place
where it was not going before (Meadows 1999). Survey and interview data showed that
those in MNP areas, as opposed to survey participants outside of MNP areas, tended to
not be looking for information on innovative technologies on the internet, were not
actively seeking out alternatives to fossil fuels, and their current heating systems were
still functioning. Instead, they found out about the MNP through their local paper,
community meetings, and their interpersonal networks. Survey participants in MNP areas
also ranked a non-profit as more influential as a source of information than those not in
MNP areas. Each interview with an adopter or informed non-adopter in a MNP area
mentioned either meeting with a MNP community representative or attendance at a MNP
community meeting or both. “I think the one-on-ones is what really made the mark,” said
one MNP adopter when asked about the most influential source of information. The MNP
created new information flows that effectively brought the information early adopters.
3.5.5 Rules of the system
The MNP required energy audits to keep AHPH systems and the amount of
pellets burned small, therefore reducing price and increasing efficiency. These audits are
one of the rules and requirements that participation in the MNP entailed. Participation in
state incentive programs has requirements as well. Both state programs and the MNP
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have efficiency minimums and particulate emission maximums that limit the program to
advanced technology. None of the programs, however, have building thermal efficiency
requirements, although states do have additional incentives for such measures. Each state
program, as well as the MNP, in an attempt to build critical mass for bulk delivered
pellets, has minimum size requirements for bulk storage units. These rules are leverage
points in the systems as they have the power to impact behavior (Meadows 1999). “No
question that the rebate programs have helped to catalyze, invest in that whole supply and
distribution aspect,” said one industry expert about the bulk pellet storage rules of state
incentives programs, a sentiment echoed by the government actors.
The strengthening power of these rules lies in the ability of the incentive
programs to attract early adopters and those motivated to find an alternative to fossil
fuels. By then requiring these adopters to use bulk delivered pellet services, they increase
the supply network as well as normalize AWPH infrastructure. One interviewee in a
MNP area told a story that highlights the power of the bulk delivery rules in changing and
normalizing behavior:
Hertz had a pellet delivery truck in Lewiston that we were stopped behind
on a stop light on Lisbon Street and I’m like, “Wait a minute. That’s what
I want and that needs to come to Farmington. And if I’m patient and if this
gets some industry traction, maybe we can have… this is something that
we can look into.” And then it just really actively became a thing.
System rules, however, also have the potential to weaken a niche technology. Out
of the four states that this study was conducted in, New York State had the highest
financial incentive (Table 1), the lowest adoption rates (Table 1), and was the only state
that had significant installation requirements for participation in the incentive program.
These requirements included thermal storage, outdoor pellet storage, and use of an
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installer with minimum levels of training and installation experience who must provide
the state program with manual J heat load calculations, copies of local permits,
equipment specifications, descriptions of system operation, pipe schematics, wiring and
electrical diagrams, certificates of insurance, and three-year warranties. Informed nonadopters from New York, more than any other state, said that “assistance from
government or organization staff with applications and paperwork” would have made
them more likely to purchase an AWPH. No other decision support was significant by
state. Similarly, adopters of AWPH in New York were more likely than those in other
states to rank this support as influential in their decision.
This data suggests that the complex requirements of the New York incentive
program may be inhibiting the power of its own effort to decrease the self-reinforcing
feedback loop between low adoption and low supply. Whereas other states are able to
capture value-motivated and early adopters through the power of their rebates to increase
visibility and reduce upfront costs, complex installation requirements and a lack of
support to navigate those requirements are a barrier for would-be adopters in New York
and also serve as a barrier for supply networks. “It’s just too hard to implement and take
advantage of,” said one industry expert of the incentives in New York. “There is a limited
slate of eligible contractors for that program,” said another, “and those contractors need
to go through a fairly detailed technical review for the systems that they install through
the program…there is a pretty high barrier to entry that it creates.” Rules, then, are high
leverage points in the system that have an impact on other leverage points meant to alter
supply and demand in the energy system.
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3.5.6 The Power to Change System Structure
State and private programs have control over their own rules as leverage points,
but there are many system elements over which they have no control. This study, for
example, analyzed the impact that a dramatic change in oil prices had on adoption of
AWPH and whether there were leverage points in the system that may provide resilience
to this sort of change. “It’s not like I can affect the price of oil,” observed one installer.
Results of this study showed that the price of oil does impact the adoption of AWPH:
adopters of AWPH, as well as all survey participants who used heating oil when making
their decision to adopt AWPH or not, were more likely to have purchased their system
before January 2015, a date that our research team identified as the approximate time that
there was a large drop in oil prices. Interviews with supply actors echoed this. Informed
non-adopters were more likely than adopters to be considering AWPH adoption after this
date and they were more likely to say that “my heating bills were too expensive” was one
of their top reasons for considering adoption, suggesting that people who were
economically motivated do not find AWPH compelling when oil prices are low.
Additionally, informed non-adopters who selected “I found out about the available
rebates/incentives” as one of their top reasons for considering adoption were more likely
to be considering after January of 2015. Combined, these findings indicate that outreach
about incentive programs can be effective awareness campaigns for non-fossil fuel
technologies, even when oil prices are low, but to increase actual adoption among people
who are economically motivated, financial incentives are not enough— they do not
provide resilience to system change created by shifting oil prices. In fact, the influence
of incentives was ranked the same by those who considered adoption both before and
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after January 2015. Not only that, but informed non-adopters who considered AWPH
because they “found out about incentives or rebates,” did so after the price of oil dropped,
indicating that incentives can provoke consideration of AWPH when oil prices are low
but, for many, not actual adoption. As one installer explains this situation:
I have some people who were scheduled to change their boilers because
they had some of these older boilers. And as soon as oil price dropped
down, their mentality was, “Well, the oil is pretty reasonable now, I’ll
leave it alone.” But it’s going to go back up again, but they don’t see that.
They just see today, and they see today’s cost.
Instead of incentives, findings indicate that system resilience lies in the
compatibility of AWPH with values. For instance, adopters who purchased their AWPH
system after January of 2015 were more likely to say that a failing heating system was
one of the main reasons they considered AWPH, but given that most informed nonadopters who used oil and purchased and new heating system bought an oil-based system,
a failing heating system is only one of multiple interacting adoption drivers. Also, while
the upfront cost of an AWPH system is large relative disadvantage (when compared to
fossil fuel heating systems) and the significance of this upfront cost in the decision
process changes as the price of oil changes, relevant values did not change with the price
of oil. These values were also not related to income. Adopters of AWPH, both of high
and low incomes and both those who purchased before and after the price of oil dropped,
were significantly more likely than informed non-adopters to say that their decision to
adopt was positively impacted by consideration of climate change, forest health, the local
economy, and the local culture. These values provide the foundation that protects AWPH
as a niche when oil prices drop and that, when combined with financial incentives, help
adoption of a niche technology. “It’s sort of gone back to that very small percentage of
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early adopter types that are motivated by factors other than economics,” said one installer
about the impacts of the drop in oil prices. “The people who are going to be motivated to
do this kind of work are those that are not necessarily concerned about the dollar but
more concerned about the environment,” said another.
Of course, as a leverage point, values are not easy interventions and, like oil
prices, are landscape factors in the sociotechnical system. The importance of values in
decision-making, however, demonstrate the possibilities that decision support tools such
as those used by the MNP, those that tap into cultural norms and interpersonal networks,
may have in providing resilience against landscape-level changes in the system such as
the drop in oil prices. The locally-focused effort at energy system transitions may have
provided system resilience. One MNP community representative explained the
importance of locally-based efforts focused on values like this:
[The MNP] got people talking about shifting their energy model locally.
And so from the social standpoint, that’s critical to include as part of this.
Economics aside, environmental sustainability aside, getting people to talk
about making a change on a community-scale is really valuable.…Former
President Obama, he would say, “the type of work that we’re doing, it’s
like turning around a giant ship. You can’t just do it. It’s a slow process to
turn this thing around.” And so doing this on the local level rather than the
state level, it’s a smaller boat to turn around. So the conversation can catch
quicker and you can make…this idea maybe happen quicker.
This idea of a “catching” conversation was mentioned by many MNP installers and
participants, indicating that the normalization of local, renewable energy may happen
most effectively through locally-focused decision support tools. It is also this cultural
normalization that provides system resilience. “Maybe it’s only 10% of houses in a
town,” said a MNP installer, “but that’s enough to where everybody knows somebody
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that knows somebody that has a pellet boiler…They see the pellet truck driving over
there. You know, it becomes more normal in their community.”
3.5.7 Goals
“Becoming normal” implies a level of acceptance to people with diverse values
and goals for their heating energy. Goals, of course, are a critical leverage point in any
system because all other aspects of a system will attempt to conform to a goal (Meadows
1999). Illustrative of this concept, adopters of AWPH system said, more than informed
non-adopters, that “buying locally grown or produced products” was “very important” to
them. Adopters of AWPH, more so than informed non-adopters, also said that effects on
climate change, effects on the local economy, effects on forest health, and effects on the
local culture were all significantly positive factors in their decision to purchase AWPH.
Informed non-adopters were more likely to say that these factors did not play a role in
their decision (see Figure 3). What informed non-adopters did say were significant
decision factors, more so than adopters, was the upfront cost of AWPH and the building
modifications needed to have an AWPH system installed.
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Figure 3: Question 8 in the state-wide consumer survey. While all consumers ranked
these value-based decision factors highly, adopters were more likely than informed nonadopters to rank them as “a significant pro” in their decision to purchase AWPH
(p=0.000).
This data suggests that value-driven goals are significant elements of early
AWPH adoption, even more so than the demographic characteristics of early adoption
recognized by previous research (there were no difference between adopters and
informed non-adopters in terms of age, income, or education).
Survey participants within MNP areas were more likely than those outside MNP
areas to say wanting “something easier to manage than their current heating system,” was
a goal. Not coincidentally, data showed that MNP residential respondents were more
likely to be changing to AWPH from a firewood stove or boiler and they were more
likely to rank air quality as a significant factor in their decision. Their goals, while

91

different from those outside of the MNP, still matched with the attributes of the
technology. Thus, while many industry interviewees felt that low incomes would prevent
the spread of AWPH adoption, this study suggests that it is energy goals in conjunction
with cost considerations, more so than income on its own, that functions as a leverage
point within the energy system.
3.5.8 Paradigms
Energy goals, including low cost and clean air, are intertwined with paradigms,
shared social agreements about reality. As leverage points, paradigm shifts transform
systems (Meadows 1999). Paradigms did emerge in interviews, mainly with industry
actors who work exclusively with AWPH and who articulated the paradigm shift as a
difference in how people interact with different forms of energy. One installer said:
I think that in this world, we’ve gotten to a point where…what guides
everyone is ease. And sort of not having to directly relate with the energy
you’re using. It’s a better product if you can just press a button. It’s a
better product if it’s easier to operate. When in reality, if we were a little
bit more related to the energy we burn and use, it might be a little less
pleasurable but overall it would be much more fulfilling. Like when you
build a new house, some people say, “Oh no, I just want to burn gas. I just
want to burn oil because I don’t want to work. I don’t want to move
wood.” I think that’s, in some ways, it’s missing a little bit of what we
could be.
More than one interviewee made an analogy of this concept of “what we could
be” to the local food movement. “You hear about urban gardens and people taking
control of where their food comes from,” said one installer. “Maybe they will take control
of where their heat comes from, even if it means five more minutes out of their day.” A
residential adopter echoed this sentiment: “And now with modern wood heat, there’s an
opportunity to inject a new perspective into the conversation, where thinking about the
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heating fuel that you’re buying is like the food that you’re purchasing at a farmer’s
market.”
For many adopters, AWPH means taking control of what their local community
looks and feels like. For a region that is heavily forested and has heated with wood for
centuries, AWPH can mean protecting an old way of life with a technology that
incorporates modern goals.
I come from a pulp and paper family. I come from a family that’s always,
like a working Maine forest has always been part of our history. And we
always heated with wood because it’s efficient, because it’s local, because
it pays your neighbor’s bills, you know? It’s just like that very Yankee
independent and local [mentality].
Adopter quotes like this one illustrate another goal for MNP areas, one that did not fully
emerge in the state-wide surveys: people in rural, forested, working-class communities
are seeing that their relationship to heating energy is part of a vision of “what could be”
and this vision is tied to what once was. “We’re hoping that it changes the mindset,” said
one representative of a small school in a MNP area that adopted AWPH. “That [kids] will
stay here and have their families here and not move away. So we do have goals. We want
to make the community green and we want to try to lessen the cost of living here and
make it a really feasible place to stay.”
AWPH is an innovative technology that uses a historic and culturally-relevant fuel
source. It taps into a way of interacting with energy that is both old and new. It taps into
goals for the future based on an idea of the past—and older residential survey participants
did tend to rank their past experiences with wood heat as a more significant decision
factor than those who were younger. As a leverage point in an energy system, utilizing
pre-existing energy paradigms may be more effective than imposing new one.
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3.6 Conclusion
This study analyzed the multiple and interacting elements within an energy system to
identify those leverage points that impact the adoption of AWPH. Using the opportunity
to compare the state-wide incentive programs with a comprehensive, locally-based effort,
the results demonstrate how certain leverage points in the energy system are critical for
broadening and normalizing early adoption of non-fossil fuel technologies. Because this
study was done on a technology in the early phases of dissemination, the findings of this
study cannot be used to make determinations about leverage points that would impact
AWPH adoption among the majority of the population. This study therefore has
limitations on answering questions regarding the views of non-adopters who have not
made informed decisions about AWPH.
What the results do demonstrate is that early adopters of AWPH are predominately
motivated by values such as a positive impact on climate change and the local economy
and by ideals about the interaction between people and their energy sources. They are not
primarily motivated by either economic considerations or their own socioeconomic
status. Their awareness and interest are captured by incentive programs which help to
defray the high upfront cost of AWPH systems but are not primary drivers of adoption.
These findings demonstrate a strong connection between the evolution of society and
technology. Despite this evolution, however, the low cost of oil and the high number of
heating oil suppliers and technicians creates a barrier for AWPH — one that is not
adequately reduced by financial incentives. A locally-based effort to normalize AWPH
and reduce the risks of low supply reduces a self-reinforcing feedback loop between low
supply and low demand and builds a new positive feedback loop between visible models
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of AWPH and increased adoption rates. This new positive feedback loop is built upon the
value-based motivation of early adopters but is able to incorporate the energy goals of
other potential adopters. The results of this study demonstrate that those involved with
the transition to renewable energy technology may find increased adoption rates when
using bottom-up approaches that focus on communication through interpersonal
connections, local and visible models of use, neighborhood clusters of adoption, and
community visions of the past and future. These efforts, alongside financial incentives,
should be in conjunction with efforts to reduce barriers for supply-side actors and efforts
to eliminate significant drops in the cost of fossil fuels.
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Chapter Four: Supporting Actors: The Role of State Policy and Private Programs in
Advancing Local and Renewable Heating Technology
In preparation for publication in Energy Policy.
Abstract: This article examines policy approaches impacting adoption of alternative
energy technology. Researchers investigated the factors affecting the transition to
advanced wood pellet heating (AWPH) in northeastern US as an example of the early
stages of an energy transition in small-scale heating. The research team applied diffusion
of innovation theory and the multi-level perspective on sociotechnical transitions to
develop a system-wide analysis of the AWPH transition, incorporating multiple actor
groups and policy strategies. Sixty interviews were conducted across four northeastern
states (Maine, New Hampshire, Vermont, and New York) with adopters and informed
non-adopters of AWPH, as well as with industry, policy, and community representatives.
Using interview results and theory, surveys were then developed and distributed statewide to both adopters and non-adopters with 690 usable responses (38% response rate).
Qualitative and quantitative data analysis found differences in the factors impacting
adoption of AWPH between those within the Model Neighborhood Project (MNP), a
privately-run program aimed at accelerating the diffusion of AWPH, and those who had
access to state-run programs alone. These differences, and the success of the MNP,
suggest that policy aimed at supporting early-stage energy transitions should incorporate
not only consumer financial incentives, but build a local network of supply-side actors
through community-based outreach and technical support.
4.1 Introduction
Efforts to mitigate climate change by transitioning energy consumers from fossil fuels
to renewable sources of energy have been slow and have not yet reached the critical mass
needed to make a significant change in climate emission mitigation efforts (IPCC 2014).
The slow pace of transition is due to the fact that fossil fuel technology is still largely
supported by societal behavior, expectations, and routines (Turnheim and Geels 2013,
Strunz 2014). Such barriers highlight the fact that there is a strong link between social
processes and technological transitions (Stephens et. al. 2015, Miller et. al. 2014,
Turnheim and Geels 2013, Geels and Schot 2007, Geels 2005). Energy policies and
programs aimed at transitioning away from fossil fuel technology need to integrate
research into social norms and values regarding energy and the environment, as well as
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societal goals related to energy such as energy justice, fuel poverty, and economic equity
(Burke and Stephens 2017, Dreyer et. al. 2017, van der Werff and Steg 2016, Mahapatra
and Gustavsson 2008, Faiers and Neame 2005). They also need to integrate research into
elements of effective energy policy design and implementation and, even more
specifically, research analyzing policy strategies and policy instruments for transitioning
to renewable energy technology (Verma et. al. 2018, Iychettira et. al. 2017, Cooper 2017,
Dietz et. al. 2013, Madlener 2006). This article contributes to the examination of policy
approaches impacting non-fossil fuel energy technology adoption. Researchers
investigated factors affecting the adoption of advanced wood pellet heating (AWPH) in
northeastern US as an example of the early stages of an energy transition in small-scale
heating. The research team applied diffusion of innovation theory and the multi-level
perspective on sociotechnical transitions to develop a system-wide analysis of the
transition to AWPH, incorporating multiple actor groups and policy strategies.
Researchers analyzed both qualitative and quantitative data to compare renewable energy
policies and strategies in four US states and one non-governmental organization, all
aimed at accelerating the diffusion of AWPH. By conducting a system analysis to
understand the complex of factors within a sociotechnical system, this study demonstrates
that the adoption of AWPH is not one influenced by consumer incentives alone. Instead,
the study advances the theoretical and practical understanding of other factors influencing
early adopters and how policies and programs aimed at encouraging the use of non-fossil
fuel technologies can be designed to effectively shift a renewable technology that uses a
locally-harvest fuel from a niche technology to part of the mix in a dominant
sociotechnical regime.
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While this study focused on a specific technology in a specific region, the results add
to cases on the adoption of sustainable, local energy technologies, contributing to the
development of effective energy and sustainability policies and programs elsewhere.
These findings can inform energy transitions around the globe and assist networks of
actors working to expand sustainable, local energy beyond the niche level.
4.2 Description and background of the research
Around 42% of all household energy consumed in the northeastern US is used for
space heating (EIA 2013). Heating is therefore a major focus for programs and policies in
the region attempting to convince consumers to adopt low-carbon technologies. Northern
New England and upstate New York are heavily forested and heating with fuelwood has
been a common feature for two centuries (Buchholtz and Gunn 2017; US Census Bureau
2015). Thus, due partly to this pre-existing connection with wood heat in the local culture
and economy, energy programs in these states (Vermont, New Hampshire, Maine, and
New York) include the expansion of AWPH technology as part of their renewable energy
goals (Vermont Department of Public Service 2016, New York State Energy Planning
Board 2015, Governor’s Energy Office State of Maine 2015, New Hampshire Office of
Energy and Planning 2014).
AWPH technology consists of high-efficiency, low-emission wood pellet boilers and
furnaces. Pellets are delivered in bulk by truck and fed into a pellet storage unit, either
inside or outside the building to be heated, through a vacuum system. Pellets are then
automatically transferred via an auger or vacuum to the boiler or furnace and the system
is controlled via a thermostat. While there is much controversy on the use of wood
bioenergy to replace fossil fuels, much of the controversy stems from the export of wood

101

pellets overseas for use in electricity production (Fanous and Moomaw 2018). When
pellets are not shipped overseas and when they are used for thermal applications,
specifically in AWPH, greenhouse gas efficiency is dramatically improved (Pa et. al.
2012 and 2013, Manomet 2010). Research conducted in the northeastern US
demonstrates that AWPH can be renewable and have carbon emission benefits when
forest harvests do not exceed growth and when at least half of the feedstock for pellet
production comes from sawmill residue (Buchholtz 2017). Use of AWPH technology
also supports jobs in the rural forest economy, keeps money spent on heating fuel in the
region, supports a transition away from fossil fuels, and promotes conservation of
working forests and forest management infrastructure (Gunn et. al. 2012, BTEC 2010).
When compared to fossil fuel technology, however, the upfront cost of AWPH can be
expensive—$5,000 to $20,000 or more, depending on the system brand and size.
Additionally, many buildings require expensive modifications to accommodate the pellet
storage and other technical requirements. Compared to fossil fuel heating technology,
there are few regional suppliers of AWPH systems, few technicians to install and service
them, and few bulk fuel delivery companies. There are thus concerns about reliability and
fuel availability, heightened by the fact that, because few people have AWPH systems,
most people are unlikely to have acquaintances with firsthand experience of AWPH. For
these reasons, the adoption of AWPH represents more than a simple technological
substitution and presents a good case for understanding the multiple and interacting
elements affecting an energy system transition, especially one at the early stages of the
diffusion.
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Due to the barriers to adoption of AWPH, and because it is incorporated into their
renewable energy goals, several states in the northeastern US offer financial incentives
for residents, businesses and public institutions to convert to AWPH technologies. These
incentive programs include the Vermont Comprehensive Energy Plan and Vermont’s
Clean Energy Development Fund, the Renewable Heat New York program, and pellet
boiler rebate programs in Maine and New Hampshire. Two of these state programs also
include no-interest loans for AWPH technology and three include a limited level of
information provision through marketing and outreach campaigns, primarily through a
website. There is little direct investment in supply-side infrastructure or businesses.
Despite these incentive programs, the level of adoption of AWPH remains low across the
region. Key informants in the industry claim few people install AWPH systems without
state incentives, meaning the number of participants in the state-sponsored financial
incentive programs are close to the statewide adoption rates.
Table 1 shows the percentage of cost share and the number of participants in the state
incentive programs by May 2018, when data collection for this study was completed. The
adoption rate in all four states indicates that AWPH technology is still in its early stages
of adoptions.

Percentage
of cost
share

Efficiency
Vermont

Vermont
Renewable
Energy
Resource
Center

New
Hampshire
Public
Utilities
Commission

Efficiency
Maine

New York
State Energy
Research
and
Development
Authority

Flat $2,000

Flat $5,500
plus $500
for thermal
storage

40% (up to
$10,000)

33% (up to
$5,000)

45% (up to
$20,000)
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Number of
participants

363
(included
VRERC
participants)

363
385
(includes
EVT
participants)

618

45

State
adoption
rate

0.05%
(statewide)

0.05%
(statewide)

0.04%

0.0004%
(excludes
New York
City and
Long Island)

0.03%

Table 1: State automated wood pellet heating technology incentive programs details and
adoption rates as of May of 2018
Beyond these state-level financial programs, the Northern Forest Center, a regional
non-government organization, seeks to increase the adoption of AWPH technology. The
Northern Forest Center ran the Model Neighborhood Project (MNP) from 2012 to 2018,
which provided additional financial incentives ($1,500 to $8,000 with a cap of 30% of
total equipment cost, based on availability of state incentives and funds available to the
Northern Forest Center) and outreach and decision support tools not included in the staterun programs. Northern Forest Center staff chose one community or area in each of the
four states it operated in (Vermont, New Hampshire, Maine, and New York) to enhance
opportunities for homeowners and small-scale institutions (such as town halls, churches,
and small businesses) to observe, purchase, and secure fuel for AWPH heating
technologies. The program provided highly visible models of automated wood pellet
boilers in the community, worked with industry actors to increase boiler and pellet fuel
supply and distribution networks, collaborated with local community representatives to
offer one-on-one decision support, conducted community-level meetings and workshops,
and ran local print media campaigns. Their strategy of conducting these activities in
select communities, as opposed to state-wide, was part of a purposeful effort to create
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neighborhood clusters of AWPH technology users that create not only fuel security for
pellet consumers, but also efficiency for pellet distributors and service technicians. Their
multi-faceted approach stands in contrast state programs, which offers limited outreach
and decision support.
This study took advantage of the unique context of having multiple approaches to
accelerate the adoption of AWPH, which itself is an example of an early stage energy
transition that entails both high-risk and yet multiple benefits.
4.3 Theory
The AWPH programs in the four states under study are based on a rational choice
theory which presumes that heating consumers act as rational economic actors to
maximize their financial gains (Taufik et. al. 2016, Stern et. al. 2016). These programs
utilize the neo-classical economic conceptualization of technology transitions which
recognize transitions as gradually occurring in response to price changes (Geels 2010,
Smith et. al. 2010). Studies on energy efficiency measures and renewable energy
technologies, however, find that upfront costs and energy prices do not always drive
energy-related decision-making (Stern et. al. 2016, van der Werff and Steg 2016, Taufik
et. al. 2016, Dietz et. al. 2013) resulting in an “energy efficiency gap” between expected
adoption rates (based on technical feasibility and monetary costs) versus the actual low
adoption rates (Stern et. al. 2016, Dietz et. al. 2013, Jaffe and Stavins 1994). The multilevel perspective on sociotechnical transitions accounts for this gap by recognizing path
dependence which reinforces the dominant energy “regime” through embedded actor and
organizational networks, pre-existing infrastructure, and a cultural system of rules and
perceptions which guide action (Genus and Coles 2008, Geels 2005). The dominant
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regime is thus stable, but also dynamic, as it responds to landscape developments and
pressures (Geels 2005). Examples of these landscape developments include political
impacts, an increased cultural environmental awareness, or the loss of paper
manufacturing in a region. Innovations occur in niches and can take advantage of
pressure put on the dominant regime by landscape level developments to break-through
into the mainstream. Due to path dependency and lock-in mechanisms, however, this is
not easy (Geels 2010).
Accounts for the energy efficiency gap can also be viewed through diffusion of
innovation theory, which argues that adoption of new technology can be divided into
characterizations of innovativeness (Figure 1) (Rogers 2003).

Figure 1: Adopter Categorization (and percentages) on the Basis of Innovativeness
(Rogers 1995)
The gap, identified as a “chasm” between early adopters and the majority in
marketing writing (Moore 2002), highlights that consumers do not always act as rational
economic actors. Instead, diffusion of innovation theory offers decades of research in
diverse fields that has resulted in a specific understanding of what influences the decision
to adopt innovative technologies and what characteristics or factors define early and later
adopters. Utilizing this wealth of research, diffusion of innovation theory describes the
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prior conditions, the characteristics of the decision-making unit, the perceived
characteristics of the innovation, and other communication and temporal considerations
that affect the decision process for different categories of adopters. Each category of
adopters has different motivations, communication practices and perceptions of risk.
The results of this research reveal that the multi-faceted approach of the MNP, more
so than the rational actor model of neo-classical economic and financial incentive
programs, may assist in progressing AWPH adoption from the early adoption phase to the
majority. The data demonstrates this community-based program effectively responded to
landscape developments that can either stabilize or destabilize the dominant energy
regime.
4.4 Research methods
Collaborative methods between academic and Northern Forest Center researchers
assisted with the challenges of studying a technology in its early adoption phase through
the establishment of connections and trust with social actors within the energy system.
The research team chose to use mixed methods to compare the state incentive programs
commonly used to promote consumer adoption of energy efficient technologies with the
alternative approach of the MNP. Qualitative and quantitative methods were employed to
obtain a full range of perspectives, as well as their prevalence.
The four-state study region was selected primarily because these states host both
state-wide AWPH and MNP programs, allowing comparisons to be made across multiple
energy programs. They were also chosen because preliminary research found the AWPH
industry does not operate within state boundaries. Instead, bulk wood pellet delivery
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trucks, automated wood pellet boiler distributors and installers, and wood pellet mills
were all found to predominantly operate within more than one of these four states.
Energy System Actor
Group
Adopters
Informed Non-Adopters

Installers

Key Industry Informants

Community Partners

Government Actors

Definition

Number of Interviews

Those who adopted AWPH 23
Those who gathered
information about AWPH
(by attending workshops or
assessing the feasibility of
conversion) but then chose
not to adopt
Professional AWPH
installers and service
technicians (some may be
general HVAC installers
and other may only install
and service AWPH)
Those not only having ties
to the industry, but who
have also been involved
with energy policy as it
relates to advanced wood
heat
Community partners who
advocate for AWPH and
offer decision support in
MNP communities
State government
employees who make
decisions about and
implement state renewable
energy technology
programs

Total

12

12

4

4

5

60

Table 2: Energy system actors, definitions, and number of interviews
Sixty semi-structures interviews were conducted in 2016 and 2017 using
purposive sampling from actors playing different roles in promoting, providing and
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consuming AWPH technology in each of the four states (Table 2). Preliminary research
on AWPH in the region, as well as the expertise of the Northern Forest Center staff,
contributed to decisions on who to interview and the stratification of actor groups to
ensure each actor network within the energy system was represented and that significant
landscape-level developments were accounted for. The 60 interviewees included adopters
and informed non-adopters of AWPH technology within MNP sites in each of the four
states. Informed non-adopters were defined as those who gathered information about
AWPH (by attending workshops or assessing the feasibility of conversion) but
subsequently chose not to adopt. Interviewing adopters and informed non-adopters within
MNP sites enabled researchers to gain an in-depth understanding of the special case of
the MNP, which could then be compared with state-wide data. Other energy system
actors who were interviewed included AWPH installers, key industry informants, MNP
community partners, and government actors. These interviews provided rich qualitative
data and informed the development of the state-wide consumer survey subsequently
administered in the study area.
The survey was pre-tested for quality and clarity with experts in survey design
and AWPH, as well as with a dozen non-expert volunteers. The survey was then refined
with this feedback and implemented following Dillman mixed-mode survey methods
(Dillman et al. 2014). With the assistance of state agencies in the study region, the
research team aimed to reach all adopters who utilized state incentives for AWPH which,
as mentioned, was believed to represent nearly all adopters in the region. Because state
agencies did not keep contact information for informed non-adopters, the team sought to
reach an equal number from this group with the assistance of the Northern Forest Center
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and AWPH distributors and installers, who maintained lists of these individuals. This
sampling strategy was chosen, rather than random state-wide surveys, because relatively
few people are familiar with AWPH and the team sought the opinions of informed
consumers who could comment on factors affecting their decision on whether to purchase
AWPH. Both adopters and informed non-adopters were considered early adopters due to
their knowledge and informed opinions on a niche energy innovation. Ultimately, surveys
were sent to 1,832 residents, businesses (including multi-family units), public facilities
(schools, community centers, town halls), and non-profit buildings (including churches)
between November 2017 and March 2018. Surveys were sent in both paper and email
format (using SurveyMonkey), depending on the contact information available, with
repeated reminders sent over several months. Edling and Danks 2018 offers a detailed
account of the methods used for this study, as well as the theoretical implications of the
challenges faced when conducting this kind of energy system study.
Interviews were recorded, transcribed, and coded using NVivo software. The
codebook was developed using expected themes from diffusion of innovation and
sociotechnical system literature. These expectant themes include the characteristics,
motivations, communication networks and decision criteria that Rogers (2003) developed
as relevant for categorization of adopter types. These include perceptions of AWPH and
its relative advantage compared to other heating technology or its compatibility with
interviewees’ needs or values. Expected themes also included sociotechnical system
elements found in multi-level perspective literature such as landscape level factors (e.g.
the price of oil), or regime factors (e.g. pellet mill infrastructure). Emergent themes such
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as the impacts of financial incentives rules and the impacts of print media played an
important role in qualitative coding.
The research teams entered paper surveys into SurveyMonkey and merged the
data with email surveys. The team coded open-ended questions for emergent themes and
conducted statistical analysis in SPSS. Chi-squared tests tested for significance in the
distribution of percentages across categorical data. Nonparametric, Kruskal-Wallace tests
tested for significance in the average rankings of ordinal data among different category
groups.
Of the 1,832 distributed surveys, 690 surveys were returned, for a response rate of
38%. Although approximately an equal number of surveys were sent to adopters and
informed non-adopters, the response rate was higher for adopters (67% of surveys
returned) compared to informed non-adopters (33%). This response rate is higher than the
1.4-18% response rate of studies done with adopters and non-adopters of solar PV
(Moezzi et al., 2017; Rai et al., 2016; Sigrin et. al., 2015) and may be due to the
assistance of trusted partners in survey implementation, high levels of consumer interest
with this topic, and the rigorous use of the Dillman method in survey implementation
(Dillman et. al. 2014).
To test for potential non-response bias, researchers called all 109 non-respondents
for whom they had telephone contacts (60 non-adopters and 49 adopters). Fifty-one of
these people, 30 adopters and 26 non-adopters, were reached—a similar pattern of a
higher response rate of adopters than non-adopters. Survey non-respondents were asked
the primary reason for not responding to the survey, what type of heating system they
currently use, and what the primary reasons were for choosing that heating system. The
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results showed no patterns between survey respondents and non-respondents with respect
to heating source and the primary reasons for choosing that heating source. Eighty
percent of the non-respondents said either they did not receive the survey, or they could
not remember if they had received it, suggesting the research team had outdated contact
information, electronic surveys had been blocked by spam email filters, or that some
people had not opened either the paper surveys or digital survey invitations. We therefore
do not believe that there was any non-response bias, other than that adopters of AWPH
systems were more likely to participate in the survey than non-adopters. The lower
response rate of informed non-adopters may be due to less interest in the topic.
When we compared the demographics of the survey respondents to the demographics
of each of the survey states as a whole, we found that survey respondents were 10 to 20
years older and twice as many had college degrees, but the median household income of
survey participants was about the same as for the states’ residents.
4.5 Results and Discussion
4.5.1

Different Approaches to Building a Market

The survey asked both adopters and informed non-adopters to rank the influence of
certain factors in their decision to purchase AWPH (see Figures 3-5). Survey participants
could rank these factors as “a significant con,” “a minor con,” “neither pro nor con,” “a
minor pro,” or “a significant pro.”
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Figure 3: Question 6 in the state-wide consumer survey.

Figure 4: Question 7 in the state-wide consumer survey.
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Figure 5: Question 8 in the state-wide consumer survey.
Survey participants in New York did not rank “availability of technical support” and
“availability of bulk delivered pellets” differently than survey participants in other states,
as might be suspected given the low adoption numbers. When asked how influential
certain sources of information were in making the decision on whether to purchase
AWPH, survey participants in New York ranked “a state program” as more influential
than survey participants in other states. Adopters of AWPH in New York ranked
“financial incentives and rebates” as more influential than adopters in Vermont and in
Maine (but not more than adopters in New Hampshire). All combined, this data suggests
that lack of outreach, small financial incentives, or lack of technicians and bulk pellet
delivery suppliers are not the primary source of New York’s low AWPH adoption.
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Besides decision factors, the survey asked adopters to rank support tools, including
“assistance in finding and contacting distributors and/or installers,” “ability to view
previously installed systems,” “affordable financing/loans,” “assistance from government
or organization staff with applications and paperwork,” and “knowledge that others in my
neighborhood/town were also installing automated wood pellet systems.” There was no
statistically significant difference between how adopters in the four different states
ranked these supports except “assistance from government or organization staff with
applications and paperwork.” Adopters in New York ranked this support as more
influential than adopters in Maine and Vermont (p=0.029 and 0.003 respectively). The
survey also asked informed non-adopters to rank the likelihood of purchasing AWPH if
the aforementioned supports had been available. There was no statistically significant
difference between informed non-adopters in the four states except for one: informed
non-adopters in New York were more likely than non-adopters in all the other states to
choose “definitely yes” when asked if “assistance from government or organization staff
with applications and paperwork” would have made them more likely to purchase an
AWPH system.
Given these survey results, it is important to note the different requirements of the
New York incentive program.

Pellet
requirements
Thermal
storage
requirements

Efficiency Vermont
Vermont Renewable
Energy
Resource
Center
None
None

New
Hampshire
Public
Utilities
Commission
None

None

None

None
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Efficiency New York
Maine
State Energy
Research and
Development
Authority
None
Premium,
100% wood
None
2 gallons per
1000 Btu/hr

Efficiency
requirements
for automated
wood pellet
boiler/furnace
Thermal
efficiency
requirements
for the
building
where
automated
wood pellet
boiler/furnace
is to be
installed
Particulate
emission
requirements
for automated
wood pellet
boiler/furnace
Pellet storage
requirements

85% or
greater

85% or
greater

80% or
greater

Class 3 or
higher

85% or
greater

None

Minimum
home
efficiency
required.
Additional
incentives
for thermal
efficiency
audit/
measures.

None

None

None

0.08
0.08
lb/MMBtu lb/MMBtu
or less
or less

0.10
lb/MMBtu or
less

0.08
lb/MMBtu or
less

At least 1
ton, or
enough to
operate
for a week

At least 3
tons;
additional $
available for
greater
storage
capacity

Must meet
federal,
state, and
local
requireme
nts
At least 1
ton

Installation
requirements

None

None

Must use
installer with
minimum
level of
experience,
installations,
and trainings;
must provide
manual J heat
load
calculation,
copies of
local permits,

Enough to
operate for
at least 14
days;
additional
$ available
for storage
of at least
20 days
under peak
load
Must use
qualified
installation
professiona
l; must
submit heat
load
calculation
s and
simple
energy
modeling
worksheet

No DIY
installations
—done by
trained
professional;
No
requirements
for design
approval or
energy
modeling
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Minimum 3.5
tons, located
outside of
building

equipment
specs,
description of
system
operation,
pipe
schematic,
wiring and
electrical
diagram,
certificate of
insurance, and
3 year
warranty
Table 3: State automated wood pellet heating technology incentive programs
requirements
The primary differences in New York that can be noted in Table 3 are thermal
storage requirements, an outdoor pellet storage requirement and numerous paperwork
requirements including a certificate of insurance, a warranty, and local permits. The
survey results indicate that, under these conditions, assistance with this paperwork is
critical for adoption and a lack of such assistance prevent adoption.
Twelve interviewees in New York, including industry representatives, noted the
requirements for thermal storage and outdoor pellet storage in New York increase the
system’s upfront cost and can outweigh the high financial incentive. “Froiling’s boiler
recommends 300 gallons of storage with the boiler,” said one installer in New York. “But
one of NYSERDA’s requirements isn’t 300, it’s 400 [gallons]. You could probably do
300 gallons of storage for $6,000, but to get to 400, it’s going to cost you $9,000.” All
non-adopter interviewees in New York cited high up-front as the primary reason for not
adopting AWPH. “The barriers to switching were one, high initial costs and two, the
prohibition from having pellet storage inside the house,” said one non-adopter.
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While Table 1 shows New York’s high financial incentives and low adoption rate,
it also shows the lowest financial incentive in Maine with far higher adoption. Not
surprisingly, adopters in Maine were more likely to rank financial incentives as less
influential to their decision than adopters in New York (p=0.001) and New Hampshire
(p=0.013). Survey participants in Maine were also more likely than those in other states
to say that “availability of bulk delivered pellets” was a major or minor con in their
decision on whether to adopt AWPH. There was no statistical difference with how survey
participants in Maine ranked other decision factors compared to those in other states,
including “availability of technical support.” Maine, however, ranked highly as an
influential source of information for survey participants—almost a high as New York and
higher than Vermont and New Hampshire.
These findings regarding consumers in Maine demonstrate the important, but
limited, role of financial incentives and how it is critical to match these incentives with
information outreach and other decision support tools. In Model Neighborhood Project
(MNP) areas, where additional financial incentives were provided in conjunction with
local outreach efforts, survey participants ranked financial incentives as more influential
in their decision than those outside of MNP areas and they were more likely to say that
they considered AWPH because they found out about the incentives. Informed nonadopters outside of MNP areas, however, were not more likely to say that they would
have adopted AWPH if they had had higher incentives, suggesting that the additional
incentives provided by the MNP are tools for building interest, but that for many
informed non-adopters, the rebates in and of themselves are not a determining factor.
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This data on the influence of financial incentives suggests that there is a ceiling
for financial incentives past which there are fewer returns on investment and that
additional resources might be better spent on outreach and other decision support tools. In
Maine, for instance, non-adopters who were not within the MNP area were more likely
than non-adopters inside the MNP area to say “definitely yes” when asked if a “higher
level of state or federal financial incentives or rebates” would have made them more
likely to purchase an AWPH system. Non-adopters inside the MNP area in Maine were
more likely to say, “definitely no,” indicating that the higher financial incentives were not
enough to convince them to adopt AWPH. In New York, where financial incentives are
high, adopters within the MNP did not rank financial incentives as more influential than
those outside the MNP, suggesting the state’s incentives were high enough to not need
the MNP’s additional funding. By contrast, in the other three states, with state incentives
smaller than New York’s, those in the MNP areas ranked financial incentives as more
significant than those outside the MNP areas.
4.5.2

The Model Neighborhood Project: Reducing Risk

4.5.2.1 Reaching “the majority”
This study’s investigation into the special case of the MNP offers insight into
what decision support mechanisms can be included with financial incentives to progress
adoption past the early adopter phase. These insights are based on the study’s findings
that MNP participants do not have the same early adopter characteristics other survey
participants have, as characterized by diffusion of innovation theory. MNP participants,
for example, tended to have less income and education than adopters outside MNP areas.
This is consistent when comparing the median income and education levels of MNP area
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populations and the larger region. Given that diffusion of innovations research suggests
that early adopters have higher incomes and more education (Rogers 2003), the MNP is
targeting areas that would not be predicted to have early adopters of new technology.
Interviews with industry actors who did not work in MNP echoed this prediction. “Most
of them have college degrees,” said one AWPH installer who did not work in a MNP area
about his customers. “And they also have a good job.” Another installer who did not
work in a MNP said of the MNP: “It’s sort of a crazy model. Why try to build [the
market] where nobody can ever buy it after you throw all that money at it and walk
away?”
Survey participants in MNP areas deviated from early adopter characteristics in
other ways. Research findings suggest that MNP participants were not seeking
information on heating system technology or innovations, another typical characteristic
of early adopters (Rogers 2003). For example, they were less likely to choose “my
heating system was failing/failed or otherwise not meeting my needs” as one of their top
two reasons for considering the purchase of AWPH, as compared to those outside of
MNP areas. People in MNP areas were also less likely than people outside of MNP areas
to choose “I wanted an alternative to fossil fuels” as one of their top two reasons for
considering the purchase of AWPH. Instead of actively seeking information on
innovations, those in MNP were more likely than those outside of MNP areas to select, “I
found out about the available rebates/incentives” as one of their top reasons for
considering AWPH.
Other data contributes to the finding that MNP participants exhibit fewer early
adopter characteristics. Informed non-adopters, for instance, were more likely than
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adopters to choose “my heating bills were too expensive”. Within MNP areas, however,
there was no significant difference between adopters and informed non-adopters and
what they chose as a top reason for considering the purchase of AWPH. Adopters outside
of MNP areas were more likely than informed non-adopters outside of MNP areas to rank
“effects on climate change,” “effects on local economy,” and “effects on local
culture/sense of place” as “a significant pro” in their decision. Informed non-adopters
were more likely to rank these decision factors as neither a pro nor a con in their decision.
Within MNP areas, however, this discrepancy between adopters and informed nonadopters was absent. These findings suggest that MNP adopters may be more
representative of “the majority” in the adopter bell curve of Figure 1, as opposed to “early
adopters.”
That MNP adopters may be more representative of “the majority” than “early
adopters” is pertinent given that adoption rates in three out of the four MNP areas were
higher than that of the states’ overall (Vermont’s state-wide adoption rate was equal to
the MNP rate). This study’s findings on what mechanisms within the MNP were effective
is therefore particularly significant for energy policy aiming to expand adoption of local
and renewable heating energy technology.
4.5.2.2 Community-Level Outreach
Both adopters and informed non-adopters inside MNP areas were more likely
than adopters and informed non-adopters outside of MNP areas to choose, “I found out
about the available rebates/incentives” as one of their top two reasons for considering the
purchase of AWPH, suggesting that additional financial incentives can function as a
mechanism for providing awareness to those not already seeking information about
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innovative technology. Interview findings confirmed that local media campaigns about
the MNP were effective, especially when combined with community meetings,
demonstration events and the presence of a local community representative who would
provide information one-on-one without representing a for-profit company. The majority
of interviewees read about the MNP in their local paper and either attended a community
meeting or contacted the MNP representative in their area to come to their home, or both.
Those MNP representatives then provided assistance with contacting AWPH installers
for technical information and installation quotes. “I think it was the one-on-ones that
really made the mark,” said one adopter about the MNP representatives, a sentiment
echoed by most of the interviewees. The community representatives confirmed the
effectiveness of this process: “It didn’t take too long for me to realize that I just needed to
go to people’s homes and sit with them in their space.”
Survey and interview results thus reveal a communication process where people
learn about innovation technology and decide whether to adopt based on local,
interpersonal communication channels—in other words, critical connections between
groups in the sociotechnical system. Adopters, for instance, ranked “a state program,” “a
distributor of automated wood pellet heating systems,” “a heating technician or
company,” “a person or place I knew that had one installed,” or “a non-profit or
community organization” as more influential sources of information than non-adopters.
Informed non-adopters, however, said they were influenced by the internet far more than
adopters, and those outside of MNP areas were significantly more likely than those in
MNP areas to say that they were “not at all influenced” by “a person or place they knew
that had one installed.” They were detached from the other actor groups in the system.
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These findings suggest that a local awareness campaign, fueled by physical meetings in
the home or in the community, and supported by previous adopters of AWPH, is an
effective method for developing a positive feedback loop that shifts the energy system.
The importance of interpersonal connections and the ability to view installed
AWPH systems emerged in interviews with adopters and AWPH industry actors. All
industry actors discussed the importance of word-of-mouth references in their business
and each adopter interviewee mentioned viewing a previously installed system as part of
their decision process. The “ability to view previously installed systems” through tours,
site demonstrations, testimonies, and adopter references was ranked by adopters in MNP
areas as more influential than adopters outside of MNP areas, where early adopters may
not have known others with AWPH systems and had to be willing to be “islands unto
themselves” or “Guinea pigs”—phrases used by adopters outside of MNP areas to
describe themselves in the open-ended portion of the survey.
Local media, local support persons and communication opportunities with local
adopters create an effective communication strategy around a new technology for those
who do not exhibit the typical early adopter characteristics. One AWPH system installer
who worked in a MNP area called this process “infiltrating the area” and “getting the ball
rolling pretty heavily.” “The state program is good,” he said, “but it’s just a website.”
Adopters of new technology who are not seeking information, our study finds, need more
than a website. Terms like “noise”, “buzz”, and “local conversation” came up repeatedly
in interviews with consumers and industry actors involved with the MNP.
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4.5.2.3 Neighborhood clusters
In interviews with MNP adopters, a theme regarding “knowledge that others in
my neighborhood/towns were also installing automated wood pellet systems” emerged as
a factor that reduced the risk of adoption. As one adopter said regarding bulk pellet
delivery:
I’ve got a neighbor two houses down that’s on a regular delivery too. So it we just
get added to the route…It’s security in knowing that your neighbors are also
ordering the same kind of fuel that you’re wedded to. Because if we were the only
people in town doing it, a distributor could be like, “You’re too much work.” But
there’s safety in numbers from a consumer’s standpoint…You need enough
neighbors who need the same service to have the service available. So pellets is
one of them.
Adopters in MNP areas ranked this emergent theme as more influential than
adopters outside of MNP areas, suggesting the neighborhood approach of the MNP is
more effective for those who do not exhibit the traits of early adopters and innovators. “It
just sort of confirmed the value of the idea. It said that we weren’t the only ones,” said
one MNP participant when asked why it was important that others in the area had also
adopted AWPH. Unlike MNP participants, analysis of open-ended survey answers
revealed a pattern that adopters outside of MNP areas were willing to take the risks of
adopting a technology not widely diffused.
The neighborhood approach reduces risk for adopters of AWPH and it creates
normalcy for a niche innovation. “Maybe it’s only 10% of houses in a town,” said a state
representative about the MNP, “but that’s enough where everybody knows somebody that
knows somebody that has a pellet boiler and then they see it or they go over there. They
see the pellet truck driving over there. You know, it becomes more normal in their
community.”
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Strategically building many pellet delivery customers in close proximity creates
this sense of normalcy. It also supports supply-side actors by creating greater efficiency
for pellet delivery suppliers and AWPH technicians. “Part of the whole business model
for bulk pellet delivery comes down to having sufficient density of participating homes
so that somebody can send out a truck and do that,” said one interviewee. Another
interviewee told a story of the benefits of having her AWPH technician working with so
many customers in the same neighborhood. One night, she noticed that the vacuum
connected to the pellet storage unit had disconnected and she put it back on.
Then [my husband] called one of the guys who works to clean our boiler and all
that and he just wanted to tell him what happened and what we had done. [The
technician] said, “I’m right up the street from you.” And it was a Sunday night
and [my husband] said, “You don’t have to come now. We’ve fixed it to a certain
extent.” He says, “No, no. I’m coming down.”
This kind of technical support for heating, critical in the cold winters of the study region,
is only possible with a certain density of technicians. The lacking density often
discourages AWPH adoption, despite the financial incentives. Non-adopters in the survey
were more likely than adopters to rank “availability of technical support” and
“availability of bulk delivered pellets” as either a major or minor con while adopters in
MNP areas were more likely than adopters outside of MNP areas to rank “availability of
technical support” as a “significant pro”. The lack of available technicians and bulk
delivered pellets, or the lack of choices for these services, came up in consumer
interviewees as well as in the qualitative data on the survey. Many, both adopters and
informed non-adopters, knew exactly how far away the closest technician and bulk
delivery company was from them. “All the installers were at least 30 miles away,” one
survey participant wrote in. “Yearly or emergency servicing the boiler requires a
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technician drive over 100 miles,” said another. “Even finding pellets delivered for the
boiler has proven challenging, as all bulk delivery firms are very far away.” By creating a
neighborhood with a certain density of AWPH systems, the MNP worked to eliminate
this barrier to adoption and simultaneously create visibility, normalcy, and efficiency.
4.5.2.4 Decision Supports Mechanisms
The MNP was able to create a neighborhood cluster of AWPH systems because of
the communication and outreach techniques described, as well as because of the support
mechanisms they offered to individual consumers. These include additional financial
incentives, access to models of previously installed AWPH system, assistance connecting
with installers and technicians, home energy audits, and information about low- or nointerest loans. The significance of the additional financial incentives to MNP participants
has been discussed. Our findings suggest it is critical, however, to pair these incentives
with other support mechanisms.
One such support mechanism the MNP provided was assistance to prospective
purchasers in finding and contacting distributors and installers, thus contributing to
developing the infrastructure of the system. Adopters in MNP areas rated this support as
very influential, compared to other adopters. “Shopping for these systems was extremely
difficult,” said one survey participant outside of a MNP area. “I really had to work at
researching what was available,” said another. Survey results showed that “availability of
technical support” was most significant to those in the lowest income bracket. Since the
MNP targeted areas of lower income than the greater region, these findings suggest that
connecting consumers with installers and service technicians is a valuable tool for
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diffusing innovative renewable energy technology among non-characteristically early
adopters.
The energy audits required by the MNP for participation were also viewed
overwhelmingly favorably by interviewee participants, even among non-adopters, almost
all of whom took steps to increase the energy efficiency of their building after the audit.
“You need to do the conservation before because that way you’re buying a smaller
system. You’re paying less money for it,” said one MNP community representative about
the energy audit requirement, a step that becomes especially important when oil prices
are low and saving money with AWPH is no longer a strong argument for adoption.
“Many people said, ‘What’s the point? We’re not going to save a lot of money.’ So
having the energy efficiency stage was really important,” said the same representative.
One adopter echoed, “We did some energy efficiency work. It’s all new windows, new
insulation. So the houses uses very little. Needs very little BTU.”
Relatedly, MNP participants rated “affordable financing/loans” as influential to
their decision to adopt, more so than other adopters, despite the fact that the MNP does
not provide loans. This suggests that awareness campaigns surrounding inexpensive or
free loans for renewable technology would be an effective tool for greater adoption. “A
lot of people don’t know that that exists,” said one MNP participant of a state-sponsored
0% loan program for renewable heating technology.
These support mechanisms for individual adopters all contributed to the success
of the MNP at increasing adoption rates among individuals not normally characterized as
early adopters of innovative technology.
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4.5.2.5 Culture and Way of Life
The MNP was not only implemented in communities with consumers in it not
normally characterized as early adopters of innovative technology. It was purposefully
implemented in communities where forests, forestry, wood and wood heating, have a
long history and are culturally and economically significant and this fact bears
significance on the program’s success. Survey data confirms that participants in MNP
areas were more likely than those outside MNP areas to be considering switching to
AWPH from a firewood stove or boiler. “Effects on forest health” was the only valuebased decision factor of which there was a significant difference between adopters and
non-adopters in MNP areas: adopters were more likely than non-adopters to say that this
factor was “a significant pro” in their decision to purchase AWPH. Given that all other
survey data shows MNP adopters are less value-driven than other early adopters of
AWPH, the emergence of this value as significant to adopters in MNP areas demonstrates
the local relevance of AWPH and its connection to forests was particularly important for
the effectiveness of the MNP.
The qualitative data reveals exactly how forests and forest products play an
important part of daily life in MNP communities. This adds an even richer understanding
of how programs or policies aiming to reduce fossil fuel use might target specific
communities with locally-relevant alternative technologies. The majority of consumer
interviewees discussed using wood either professionally or recreationally, including work
at saw mills, work building furniture or wooden items, or work as forest harvesters or
firewood splitters. Several also discussed the significance of forest ownership. Support
for the local economy, and support for the forest industry in particular, thus played a
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large role in the AWPH adoption decision. One interviewee at a rural school said of the
school board’s decision to use AWPH:
A lot of it was the system, the people that we have around. I mean, we have some
manufacturing jobs but there’s a lot of people here that are foresters. Foresters,
loggers, working mills, truck drivers, logging truck drivers. So I would bet that
almost…I would say probably 30% of the people around here, life depends on
some type of forestry or logging.
Town halls, churches, and other institutions with public funding or membership
echoed the same sentiment. Many homeowners expressed concern over failing paper
mills and purchasing pellets as a way to fill that gap. Almost all consumer interviewees,
whether adopters or not, had some background of heating with wood either as a primary
or secondary source. “As someone whose family went back several generations in
Vermont, using wood was the obvious choice,” said one interviewee of her husband.
Another said: “I come from a pulp and paper family. I come from a family that’s always,
like a working Maine forest has always been part of our history. And we always heated
with wood because it’s efficient, because it’s local, because it pays your neighbor’s bills.”
Even a non-adopter said, “And also, you know, it would have been a New England thing.
I like the idea of wood pellets.” In qualitative data coding, “personal identity”, “way of
life”, “importance of forest industry” and “connection to local forests,” all became
significant emergent themes among MNP consumers, and something supply actors who
work state-wide noticed as well. “Our logging communities and our wood gathering
communities are the ones who are, you know, for good reason, they’re embracing that
technology a little bit more readily than people down here in the valley.” The MNP was
targeting residents and businesses in these communities not just because they represented
non-typical early adopters, but because they represented a community where increased
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adoption of AWPH technology is culturally, economically, socially, and ecologically
significant. Its success in this method offers lessons for energy policy and program
implementation strategies.
4.6 Conclusion and Policy Implications
The transition to advanced wood pellet heating (AWPH) in the northeastern US is an
example of the early stages of an energy transition and innovation diffusion. The findings
of this study have several implications for policies aimed at increasing the adoption of
non-fossil fuel technology with similar challenges: high upfront cost, limited
infrastructure and supply chain development, and perceived high risk. Financial
incentives are critical, but there is a point at which investing in higher financial incentives
will not result in significantly higher adoption rates. Once the incentives have reached
that point, the study of the Model Neighborhood Project (MNP) demonstrates that there
are several other decision-support tools that resources should be invested in.
The first support that needs investment is direct communication—a staff person to
provide one-on-one support to potential adopters and be a liaison to supply-side actors. In
the case of AWPH, this support includes assistance contacting AWPH installers,
technicians and bulk pellet suppliers. It also includes, wherever program paperwork
cannot be minimized, assistance with such paperwork to reduce barriers for both the
consumer and the installer. Technical assistance is a critical support for adoption,
especially among older and lower income residential respondents, so where this staff
person cannot provide technical assistance, they should be able to connect potential
adopters with a local technician who can. That means that, more than just responding to
questions and providing information, this support person is creating local networks of
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suppliers and technical experts around the region. The MNP achieved this form of direct
communication and support through partnerships with local organizations or individuals
living and working within each MNP community. State governments could also create
such partnerships and, in doing so, achieve a community-focused approach that statewide
programs lack.
To create local networks of suppliers and technicians, this study’s findings suggest
that direct investment in the supply chain needs to occur alongside financial incentives.
These investments begin to create the necessary density of technical support and supply
needed by non-traditional early adopters to increase service quality and minimize the
risks of adoption. The MNP’s ability to recruit installers and service technicians in its
communities, resulting in increased adoption, suggests that investments into supply-side
developments may be as critical as financial incentives in increasing demand. In the case
of AWPH, these investments may take the form of installer and service training or grants
for bulk pellet delivery trucks.
Program outreach is another decision-support tool that should be invested in after
reaching optimal financial incentives. This study’s findings demonstrate that publicizing
incentives through local media campaigns, not just the internet, is critical to reaching
non-traditional early adopters. They also demonstrate that the opportunity to view
previously installed systems is an important tool to combine with such outreach efforts.
Both tactics, this study finds, are highly effective when done on a local, rather than statewide, level, thus creating a certain density of promotion, adoption and, sequentially,
visibility and normalization. Outreach to early adopters should focus on being an
alternative to fossil fuels, especially when fossil fuel prices are low. Additionally,
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targeting outreach to communities where innovative technology is locally relevant may
increase adoption among individuals who are less value-driven.
The local relevance of small-scale heating technology also ensures diversity across
regional energy sources and, particularly relevant for AWPH, sustainable fuel sourcing.
As one MNP community representative said, the local relevance of AWPH is significant
for more than outreach:
[AWPH] is a solution that’s only appropriate at a certain scale…We’re structuring
and orienting our program being mindful of what that scale is. And we’re not
going to go and suggest that New York City get heated with wood pellets. That
wouldn’t be sustainable and it wouldn’t make sense…. We’re building and
supplying the program…being mindful of where is the fuel source, where is the
manufacturing capability, and where do we want to locate the program so that it’s
all in reasonably tight proximity?
Combining locally-sourced fuel with energy efficient buildings helps to ensure
sustainable fuel use. The findings of this study suggest that paring renewable energy
adoption programs with energy efficiency programs is a successful outreach technique
and especially necessary when fossil fuel prices are low. Combining incentives for
sustainable heating technology with incentives for building efficiency measures reduces
both upfront costs and ongoing fuel costs.
The policy implications of this study are drawn from the complex factors and
social actors that the study results found to play a part in constraining and enabling the
transition to AWPH. These results highlight that AWPH technology is intimately tied
with societal values, equity issues, interpersonal relationships, and shifting perceptions on
social, economic, and ecological sustainability. These factors are different for early
adopters and the majority of adopters and, while actor groups looking to impact the
adoption of sustainable energy technologies have limited control over these factors, they
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can use their resources strategically to build upon early adoption and diffuse adoption in
the majority.
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Chapter Five: Conclusion
Key Findings and Implications
This research concludes with five key findings with implications beyond this specific
technology in the study region:
1. Key Finding: Despite high satisfaction rates among adopters, as well as available
financial incentives, adoption rates of advanced wood pellet heating (AWPH) has
been low due to multi-dimensional system factors. The most significant of these
factors can be summarized as those that make AWPH high risk for both
consumers as well as suppliers.
High upfront costs, low availability of technical support, and low availability of bulk
pellet supply and delivery were shown in the data to be some of the most significant
barriers to adoption. These risk factors are compounded by AWPH technology’s lack of
trialability, lack of visibility and most potential adopters’ lack of an interpersonal
network of others who have previously installed AWPH. Insight into the significance of
these compounding risk factors was provided through the Model Neighborhood Project’s
(MNP) ability to reduce them, thus increasing adoption rates—especially among those
less likely to be characterized as early adopters. Financial incentives were found to
decrease AWPH’s lack of visibility and reduce upfront costs but were not sufficient in
reducing the risk of adoption caused by all of the above compounding system factors.
The qualitative data demonstrates that the lack of technical support and bulk pellet
supply can be attributed to the high risk of entry that potential AWPH suppliers face in
order to enter the industry. These risks include high investments in money and time, as
well as a market still in the very early phases of diffusion.
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Acknowledging high risks in the system transition, which include but go beyond
upfront costs for consumers, offers an understanding of what is causing a gap between
the expected adoption rate, given the high levels of satisfaction and financial incentive
programs, and the actual adoption rate. Even among early adopters, which informed nonadopters can be considered a part of, there are critical barriers that make adoption of
AWPH high risk and prevent adoption amongst those who would otherwise want to
transition from fossil fuels. The relative advantage of oil, when comparing the availability
of technical support and fuel delivery, as well as the upfront cost of the system itself, is
much higher than AWPH for many people.
The implications of this key finding are that financial incentives (which both lower
upfront costs and provide awareness) are critical and need to be maintained and, in some
states, increased. Simultaneously, however, there needs to be investment in the AWPH
industry supply chain. It is critical that this happen alongside consumer incentives if those
incentives are to be effective. This investment could take the form of AWPH installer and
service training as well as grants for bulk pellet delivery trucks or depot stations. Creating
geographically condensed areas with a high rate of AWPH use is also a method this
research shows to be effective for supporting the AWPH supply chain, as well as
reducing risk and increasing normalization for consumers (discussed in more detail in
Key Finding 4).
The global effort to transition from fossil fuel energy systems, which, in the United
States, is represented at the state and local level, can utilize the implications of this key
finding to minimize the risk of adopting and supplying non-fossil fuel technologies.
Because the risks to consumers and suppliers is a positive feedback loop, these efforts

138

need to happen in tandem. In addition to financial supports and incentives, these efforts
include increasing visibility and normalcy among interpersonal networks.
2. Key Finding: Early adoption of AWPH is driven by value-based motivations
more than it is by economic-based motivations. This is most pronounced when oil
prices are low.
It is important to reiterate here that the participants of this study were early adopters
and the findings, including this key finding, should be applied only to early adopters.
That said, early adopters are critical to the diffusion of innovations and the movement of
a niche technology to the dominant regime. This key finding then, despite being specific
to early adopters, is relevant to the larger effort to transition to other innovative
renewable energy technologies.
It will come as no surprise to anyone involved in the effort to transition to renewable
energy technology that our data made clear that oil prices impact AWPH adoption. What
is a surprise is that financial incentives do not appear to have an effect on altering this
impact. Instead of financial incentives becoming more important to adopters after the
drop in oil prices, value-based motivations did. The implication is that building a critical
base of early adopters for a locally-based, renewable technology should focus on
outreach that stresses value-based motivations and less so economic motivations,
especially when oil prices are low. In the case of AWPH, these values include having a
positive impact on climate change, forest health, the local economy, and the local culture.
In other regions, both in the US and globally, AWPH will not carry these valueassociations. In these cases, however, the key findings of this research suggest that niche

139

renewable energy technologies can build a base of early adopters through outreach that
focuses on locally-relevant value-based motivations.
3. Key Finding: Supply-side actors (AWPH installers and distributors) have
motivations and face barriers, just as AWPH consumer do, and this impacts
AWPH adoption.
My interviews with installers and industry informants provide insight into the critical
role that they play in the energy system transition and what both motivates and prevents
them from offering an increase in services and fuel to consumers. I found that, like
consumers, the most active AWPH industry actors (meaning they install more AWPH
systems than others) are value-driven, but that they face economic barriers. The
implications of this are that industry actors’ barriers can be addressed through increased
support (see Key Finding 1) and through a more diverse and geographically condensed
adopter-base than characteristically early adopters (see Key Finding 4).
4. Key Finding: The Model Neighborhood Program (MNP) brought in more diverse
adopters of AWPH than the state incentive programs due to the additional
decision supports it provided and its system and community-based approach.
Because AWPH is so tied to the geographical history, economy, culture, and ecology
of the study region, Key Finding 4 cannot be assumed to translate to the adoption of
AWPH everywhere, by everyone—nor is there an implication that this would be
desirable. Instead, the unique relevance of AWPH to the study region, and the means by
which the MNP brought in more diverse adopters, translates the implications of Key
Finding 4 more broadly to renewable energy technology that utilizes a locally harvested
fuel. The implication of a broad understanding of Key Finding 4 is that the ongoing
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energy system transition away from fossil fuels may include not one niche technology
that rises to the role of the dominant energy regime (e.g. coal to oil), but instead include
multiple small-scale energy technologies that promote locally-relevant co-benefits (such
as, in the case of AWPH, healthy working forests or a vibrant forest-based economy).
The success of the MNP in increasing adoption among non-characteristically early
adopters through bottom-up approaches that focused on interpersonal networks and
locally-relevant energy goals and values demonstrates that effective climate mitigation
energy policies may require a broad suit of solutions—not all of which will be feasible, or
desirable, for the mainstream. Efforts in the energy system transition away from fossil
fuels in other regions around the globe will find success in the diffusion of other
innovative, renewable energy technology through communication methods that utilize
other local values and other local energy goals.
Despite differences in local values and goals, Key Finding 4 does have specific
implications that apply to other renewable energy technologies that use locally-derived
fuel. Programs and policies aimed at accelerating adoption should focus on specific
geographic targets rather than employ state-wide efforts. Focusing outreach on locations
where the technology and fuel has locally-relevant co-benefits can capitalize on existing
consumer values and create compact supply chains. It also normalizes the technology and
its associated infrastructure in a way that reduces the perceived risk for the consumer,
increases word of mouth referral (critical for early adopters and for installers), and creates
a density of adoption, which leads to a subsequent increase in visibility, promotion, and
adoption—creating even more normalization, technical support and fuel supply, and a
decrease risk.
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Other tools that proved effective toward MNP success in diverse AWPH adoption,
and that have broader applications, were a locally-based support person to provide neutral
advice and technical support, an outreach campaign that focused on methods other than
the internet, supplementing AWPH’s lack of trialability with the ability to view
neighbors’ systems, providing assistance in contacting AWPH distributors and installers,
and performing energy audits prior to installation. These tools target the needs of lowerincome and older adopters as well as attract people who are not actively looking to
replace their home heating system.
5. Key Finding: The challenges of studying an energy transition are reflected in the
implications of this research—policy and program interventions aimed at
fostering and accelerating the transition to non-fossil fuel technologies need to
account for a variety of adopter and supply actor types as well as sociotechnical
system factors that change over time.
The challenges that the research team faced in conducting this study, described in
Edling and Danks 2018, parallel the challenges of a sociotechnical system transition
itself. Ultimately, most of the limitations of this research, as mentioned below, are
products of the nature of this study as one studying a technology in the early stages of
dissemination. The challenges then, offer lessons to the research of other niche
technologies as well as offer policy implications that call for a diverse range of policy
instruments that account for diverse adopter drivers and barriers, diverse supply actor
drivers and barriers, and also take into account the limited ability for top-down policy
approaches to control sociotechnical system transitions.
Limitations
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One of the limitations of this research is that I only interviewed and surveyed
informed non-adopters, as opposed to a random selection of all non-adopters (see
Methods Appendix for rationale). These were people who expressed interest in AWPH
and gave their contact information to AWPH installers, distributors, or the MNP but
ultimately decided not to adopt. Due to not including non-adopters who did not fit these
criteria, I did not have data on the barriers that prevented them from adopting, or even
considering, AWPH. These barriers could include some of the same risks that early
adopters mentioned, a lack of awareness about AWPH, or concerns related to the impacts
on wood bioenergy on climate change and forest health.
Another limitation of the study concerned the timeline of events occurring in the realworld while this study was being conducted. When oil prices dropped dramatically
during the course of this study, for instance, it offered some advantage in that it allowed
the research team to analyze the impacts of a landscape-level change in the energy
system. Like other aspects of this study, such as the MNP and the state incentive
programs, the drop in oil prices was a real-world system element (as opposed to a
hypothetical scenario or experiment) that gave the research team the opportunity to study
the impacts of a landscape change on people making a decision. A limitation of this
research, however, like many real-world system elements, is that the MNP was rolled out
inconsistently among the different states, making the analysis of the impacts of oil prices
more difficult. New Hampshire’s MNP, for instance, was almost completed by the time
oil prices fell, while New York and Vermont’s program had barely started. This
inconsistency made it difficult to untangle the impacts of the price of oil from other
factors our study was targeting (such as the influence of the MNP supports or the state
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programs). There were other inconsistencies in the MNP, such as the amount of the
additional financial incentives they offered. These inconsistencies in the stages of the
program cause limitations in our assessment of the impacts of oil prices versus the
impacts of the onset of state and Northern Forest Center programs.
Future Research
Future research in this area could include perceptions of AWPH as it relates to values
among non-early adopters. Despite the fact that most of the population does not have an
informed opinion on a niche technology such as AWPH, a random, addressed-based
survey could capture the attitudes of the greater population as it relates to woody biomass
energy, specifically heating energy. These attitudes might inform researchers on how
non-early adopters may perceive AWPH’s impact on climate change, forest health, and
the local economy. Such a survey could be spatially analyzed to understand the impacts
of location and proximity to forests or pellet manufacturers on AWPH perceptions. This
data would provide insight into the locations that should be targeted for future
community-based programs such as the MNP.
Another area of future research is broadening the system analysis. As a conscious
choice for the scope of the study, this research focused exclusively on AWPH installers
and, what we called, key industry informants. We did not include foresters, loggers, pellet
manufacturers, or environmental advocates. Future research that includes this full view of
the system supply chain would create a fascinating and robust description of the socioecological system and delve deeper into impacts of forest harvesting and availability of
sawmill residue on AWPH adoption.
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Finally, the mix of non-fossil fuel technologies in the (possible) future energy regime
highlights important future research questions such as: what is the appropriate scope of
AWPH adoption in the northeastern US as it relates to climate change mitigation and
forest health? What mix of forestry and energy policies would help to achieve that scope?
Similarly, given that Buchholz et. al. (2017) described the ideal climate-related scenario
for AWPH as one where there would be no actual increase in the rate of tree harvesting in
the northern forest region, but instead at least 50% of the materials for wood pellets
would need to be a by-product of other timber industries—whether paper or other forest
products—an important research topic would be to ascertain whether this “Market Shift”
scenario has been, or will be, realized in the region. What policies would ensure that it is
realized? The answers to these questions would translate to other renewable energy
technologies that use locally-derived fuel elsewhere, creating an increasingly broad
picture of what the energy mix might look like regionally around the globe.
The research in this dissertation is part of a conversation concerning what the energy
future without fossil-fuel dependence should look like. The implications point toward an
energy system transition that would incorporate ecological, social, and economic
sustainability. Targeting diverse adopters and elevating regional goals into energy policy
and planning could mean that climate mitigation strategies can reduce carbon emissions
as well as serve goals surrounding equitable, healthy, and prosperous local communities.
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Appendix A. Detailed Methods
The methods for this dissertation are described in Edling and Danks (2018), which is
Chapter Two. This appendix will avoid repetition with that article yet provide more
nuanced details into the choices made regarding research methods, especially as it relates
to stratification of the interviews, dissemination of the survey, and analysis of the data.
1. The Methods Decision Process
Beginning with the proposal jointly submitted to the Northern Forest Research
Cooperative, this study was a collaborative effort between University of Vermont (UVM)
researchers and staff at the Northern Forest Center, a non-profit organization based in
New Hampshire. The Northern Forest Center wanted a scientifically rigorous study
identifying the factors that drive consumer decisions regarding automated wood pellet
heating (AWPH) and examining the Model Neighborhood Project (MNP) and state
incentive programs to increase the adoption of AWPH. The UVM researchers were
interested in studying AWPH as a specific example that illustrates the challenges of the
energy system transition to non-fossil fuels. The MNP, a multi-faceted, community-based
outreach program implemented across Maine, New Hampshire, Vermont and New York
offered a timely contrast to the traditional financial incentive programs run by
government agencies in each of those states.
While developing the grant proposals for this project, the collaborators chose a mixed
method approach that involved both in-depth interviews with systems actors and a statewide survey of consumers. The collaborators viewed interviews as ideal for gathering
nuanced insight on perspectives, especially from those involved in the special case of the
MNP and from those in the supply chain who could comment on the self-reinforcing
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feedback loop between low supply and low demand. Due to the fact that we wanted
interview representation from as many system actor groups as possible, interview
numbers in each group was relatively small. The collaborators thus chose to conduct
surveys a way of gathering more statistically robust data, especially considering that we
could get a list of nearly all AWPH adopters in the region from our government and
industry partners.
In 2015 and 2016, the researcher partners conducted several planning meetings in
which each brought their own expertise about theory, methods, the AWPH market, and
industry actors in the study region. In these discussions, research methods were further
refined in an effort to best compare the relevant polices, programs, and practices in the
four states in which the study was based and, in doing so, understand implications of
AWPH for understanding the energy system transition. For example, during these
meetings, the team decided to stratify interviews with installers by level of involvement
with AWPH. They also decided to stratify adopters and informed non-adopters by
whether the adoption decision occurred before or after the price of oil dropped
dramatically in early 2015. Such decisions were challenging in their logistical complexity
but made easier by the Northern Forest Center’s intimate knowledge about actors within
the AWPH community in the region. More about these decisions is discussed below.
2. Geographic Scope
The four northeastern states of New York, Vermont, New Hampshire and Maine were
chosen for this study for a number of reasons, as described in Edling and Danks (2018)
(Chapter Two in this dissertation). In summary:
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All four of these states have authorized and implemented financial incentive
programs to encourage the adoption of AWPH systems, but adoption rates have
been low;



Stated reasons for encouraging AWPH in these states include support of the local
forest economy as well as meeting renewable energy targets;



During the study period, the Northern Forest Center implemented a communitybased outreach program in a subset of each of these four states (the Model
Neighborhood Program), which addressed multiple barriers to adoption, such as
fuel delivery, technical information, ability to view systems, connections with
distributors and installers, among others. This program provided the opportunity
to compare a more “system based” approach to expanding adoption of this
technology compared with the consumer incentive focus of programs run by state
agencies.

3. Preliminary Research
In the spring of 2015, I conducted preliminary research for a graduate course on
qualitative research methods. This preliminary research not only provided me with
methodological training, but also, in consultation with the relevant theoretical literature,
helped me to begin to formulate the themes of the subsequent interview guides, code
book, and survey. Therefore I include it here.
This preliminary research used eight purposively selected observations and
interviews, determined with the assistance of Northern Forest Center staff. These
preliminary interviews and observations focused on key industry actors and consumers
only in Vermont. Industry experts were chosen who, due to years of experience
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interacting with elements within the energy system including energy consumers, energy
policy, and energy-related cultural norms. These experts were able to provide me with
system-wide insights into the AWPH industry, as well as informed ideas on important
policies and incentives. These preliminary interviews and observations were recorded,
coded, and analyzed as part of the qualitative methods course. These data were not used
in the research study findings, but instead helped to develop the theoretical themes that
formed the foundation of the interview guide and survey.
4. Qualitative Interviews
The preliminary research and the experience of the Northern Forest Center allowed
the research team to identify social networks and actors within the AWPH energy system
in this region. They identified these networks and actors in the meetings described above
and determined a system of how sampling should be stratified to ensure each node within
the energy system had representation. Table 1 lists these energy system actor groups,
provides their definitions, and notes the number of interviews conducted with each group.
Energy System Actor
Group
Adopters
Informed Non-Adopters

Installers

Definition

Number of Interviews

Those who adopted AWPH 23
Those who gathered
12
information about AWPH
(by attending workshops or
assessing the feasibility of
conversion) but then chose
not to adopt
Professional AWPH
12
installers and service
technicians (some may be
general HVAC installers
and other may only install
and service AWPH)

156

Key Industry Informants

Community Partners

Government Actors

Those not only having ties
to the industry, but those
who have also been
involved with energy
policy as it relates to
advanced wood heat
Community partners who
advocate for AWPH and
offer decision support in
MNP communities
State government
employees who make
decisions about and
implement state renewable
energy technology
programs

Total

4

4

5

60

Table 1: Energy system actors, definitions, and number of interviews
As noted in Table 1, the research team decided to include both adopters and
informed non-adopters in their study sample to address both motivations and barriers to
adopting AWPH. Informed non-adopters are those who gathered information about
AWPH, gave their contact information to an AWPH installer or distributor, but then
chosen not to adopt. More explanation for why informed non-adopters were included in
the study, as opposed to all non-adopters, can be found in Chapter Two, the published
article by Edling and Danks (2018). For the interviews, the team decided to select from
adopters and informed non-adopters in MNP areas to create a rich understanding of the
special case of the MNP and to later compare with state-wide surveys. Secondly, because
both state incentive programs and the MNP included both residential as well as smallscale institutions as participants, the research team decided that adopters and informed
non-adopters for both of these groups should be interviewed. Finally, a dramatic shift in
oil prices occurred over the course of the study period, which changed the relative
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financial advantage of APWH compared to fossil fuels. To capture this potential impact
on consumer choices, the team decided to further stratify the selection of consumer
interviewees by the date of when they considered purchasing an AWPH system — before
and after the price of oil fell dramatically in January 2015. This multilayered stratified
sampling scheme led to 32 distinct cells in a table representing consumers to be
interviewed (Table 2).

Model
Neighborho
od Project
Participants

Single
Family
Homes

Small-scale
Institutions

Model
Neighborho
od Project
NonAdopters

Single
Family
Homes

Small-scale
Institutions

New York

Vermont

New
Hampshire

Maine

Totals

Before
1/1/20
15

After
1/1/2
015

Before
1/1/20
15

After
1/1/2
015

Before
1/1/20
15

After
1/1/201
5

Before
1/1/201
5

After
1/1/2
015

Total
Participation

0

0

2

13

40

0

18

5

78

Sample Size

0

0

1

3

5

0

3

2

14

Total
Participation

1

1

1

4

3

0

4

6

20

Sample Size

1

1

1

2

1

0

1

2

9

Total #
contact
information
available

0

16

2

2

17

0

18

1

57

Sample Size

0

2

1

1

1

0

2

0

7

Total #
contact
information
available

0

4

6

1

0

0

4

0

15

Sample Size

0

2

1

1

0

0

1

0

5

Table 2: Stratification of consumer interviews by state, date, participation status, and
building type. Numbers in bold font indicates the interview sample size compared to the
non-bolded number above it which indicates the total sample frame.
The Northern Forest Center had the date at which a person or institution made a
decision to adopt or not to adopt an advanced wood pellet boiler and also provided me
with contact information for the MNP residential and small-scale institution adopters and
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informed non-adopters from each state. Once I had identified the sample size in each
category, the research team determined the number of interviewees to be conducted in
each group.
The team had a general goal of interviewing 20% of the sample frame for each
category—those categories being: single family home (SFH) pre-January 2015 (1/1/15)
adopters in each state, small-scale institution (SSI) pre-1/1/15 adopters in each state, SFH
post-1/1/15 adopters in each state, SSI post-1/1/15 adopters in each state, SFH pre-1/1/15
non-adopters in each state, SSI pre-1/1/15 non-adopters in each state, SFH post-1/1/15
non-adopters in each state, and SSI post-1/1/15 non-adopters in each state. In many
categories, a 20% goal was not possible, or not desirable, due to the number of the
sample frame and the goal of keeping the total number of interviews at or around 60, a
number that the research team deemed reasonable when keeping analysis in mind. In
some cases, it was appropriate to over-sample a certain category and in other categories,
it was appropriate to under-sample to get a diverse range of perspectives. The total
number of consumer interviews ended up being 35: 18% of SFH adopters, 45% of SSI
adopters, 12% of SFH non-adopters, and 33% of SSI non-adopters.
To choose which people were interviewed from the list of adopters and informed
non-adopters in the MNP, I organized the lists based on the stratification methods shown
in Table 2 and assigned random numbers to each person in each strata. I chose the
appropriate number of total interviewees to interview in each strata in an ascending
manner from the randomly generated numbers. The Northern Forest Center provided
contact information. The contact protocol was to contact chosen interviewees three times
over the space of two weeks. The first contact was made via e-mail by the MNP
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coordinator, Maura Adams, as a way to use a pre-established relationship to introduce the
study and to introduce the interviewee to me, the UVM researcher. If this e-mail was not
responded to, then I would send a follow-up e-mail a few days later. If neither of these emails were responded to, then I would try to reach the chosen interviewee by phone. If
this last attempt was unsuccessful, then the next person on the list in the same strata, as
identified by the random number generator, would be contacted using the same contact
methods.
It was clear from the preliminary research and the theoretical literature, however,
that not just consumers needed to be included in a study of the energy system. The
research team thus determined that interviews with key industry informants, AWPH
installers, government actors, and MNP community partners should also be conducted.
As mentioned, the research team had decided to keep the total interview number at or
below 60 for practical purposes of transcribing and data analysis. This meant that there
could be 25 interviews with other actors in the energy system (Table 1). For installers, the
team decided to interview three from each of the four states for a total of 12 installer
interviews. Of these three, one would be an installer for the MNP, one would be an
additional active installer, and one would be “less active”—meaning they would have
installed less than two systems in the previous year. With insight from the Northern
Forest Center, as well as from the state employee administering the advanced wood
heating system incentive program in each state, I was able to stratify installers by these
categories. The rational for this stratification method came from the preliminary research,
which identified that installers are key to the transition process. It was thus critical to
gather perspectives from installers who base their business on AWPH as well as those
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who rely primary on fossil fuel-based heating technology. Instead of choosing random
numbers for the installers within these categories, I used a purposively selective
method—installers to be interviewed were chosen based upon who Northern Forest
Center staff and state agency partners thought would yield the most useful information.
For each category, the research team generated a list of installers. If the first preference
was unavailable or declined an interview, I would contact the second or third choice for
an interview.
There is one local community representative in each MNP site, adding four more
interviews to the total. Other than Vermont, there is one state employee administering the
advanced wood heating incentive program in each state. In Vermont, there are two statesponsored programs that incentivize the adoption of AWPH, so this added five interviews
to the total. Those interviews put the total at 56 and so left four additional interviews to
allocate to key industry informants. Key industry informants are identified as those not
only having ties to the industry, but those who have also been involved with energy
policy as it relates to advanced wood heat. The research team used a purposively
selective method to choose four key industry informants who have specific knowledge on
the advanced wood heating industry and energy policy in one of each of the four study
states.
The Northern Forest Center assisted in establishing connections between me and
these system actors. Through their experiences and previously built relationships, the
Northern Forest Center was able to assist in explaining the purposes of the research to
study participants in a way that encouraged their participation and established trust and
enthusiasm. Dr. Cecilia Danks and I, after introductions from Ms. Adams, held
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preliminary, unrecorded phone conversations with the state program representatives
before I conducted formal, recorded interviews with them. These pre-interview
conversations established a deeper understanding of the research which then led to their
assistance in stratifying and identifying AWPH installers, as described above, and also
established a relationship critical to the dissemination of the state-wide surveys, described
subsequently. These relationships with state representatives were also useful for
gathering updated information on state program details and participation numbers, as well
as ensuring the utility of the research for state energy policy and programs.
I conducted the sixty semi-structured interviews by the spring of 2017. The interview
guides are included as Appendix B-H and I developed them through the use of theory, the
preliminary research themes, and through feedback from the research team. Because the
total number of interviews had to be constrained to 60 interviews, the goal of the
interview process was not to reach data saturation within each category—a concept
implying that more data would not lead to new insights (Creswell 2013)—but to instead
interview a sample within each category of the energy system and use a more widespread survey to reach a broader sample frame.
5. State-Wide Survey
5.1 Distribution
In order to reach beyond the 60 interviews, as well as to understand how the
systems-based approach of the MNP differs from the state-sponsored initiatives at
influencing the adoption of AWPH, I conducted a survey with adopters and non-adopters
across all four study states. As a method of contacting adopters, I, or a research
collaborator, sent the survey to those who had received available incentives to purchase
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AWPH from state energy agencies. Industry experts informed the research team that it is
highly unusual for an adopter to not utilize a state incentive, so sending invitations to
participants in the state incentive program was a reliable method for contacting all
adopters in a state. As a method of contacting non-adopters, of which the research team
aimed to reach an equal number as adopters, I, or a research collaborator, sent the survey
to those who had given contact information to AWPH technology distributors or
installers but then ultimately did not purchase a system. The research team did discuss
conducting a representative sample of state residents in all four states using address-based
sampling. The team ultimately decided that, due to the fact that the technology still exists
within a niche-innovation level of the energy system and that many, if not most, of the
people who had not expressed interest in the technology to a distributor or an installer
would not have even heard of AWPH, it would be more fruitful to conduct the survey
across those people had heard of the technology and had made significant steps to think
about whether to adopt it or not. The survey results thus allow for comparisons across
adopters and non-adopters and also across those who were participants in the MNP and
those who were not.
I was forced to vary my survey sampling methods by each state, although I kept it
as consistent as possible. For instance, the state incentive programs in three states were
not able to provide me with contact information for participants, so state representative
partners distributed the survey invitations, and subsequent reminders, on behalf of the
research team. The state energy policy representative in Maine, however, left his job
before the surveys were conducted. This state employee was replaced by someone who
was not willing to grant me access to participant contact information or distribute the
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survey on the research team’s behalf. This meant that the sampling method for the survey
of adopters in Maine had to be different than for the other three states. With Ms. Adam’s
introduction, I partnered with AWPH technology distributors and installers in Maine to
gather contact information for adopters in Maine. I also used MNP contacts for adopters
in Maine. As mentioned, this was the same method I used to gather contact information
for non-adopters in all four study states. Some distributors and installers preferred to
distribute the survey on the researcher team’s behalf and others preferred to give me their
contact information directly. Table 3 shows the list of contributing AWPH distributors
and installers how the survey was distributed to their contacts.
Contact Source

Method of Contact

Maine Energy Systems

E-mail addresses for adopters and nonadopters, survey sent by Ms. Edling

Model Neighborhood Project

Mixed e-mail and postal addresses for
adopters and non-adopters, survey sent by
Ms. Edling

Tarm Biomass

E-mail addresses for non-adopters (paper
surveys where no e-mail address) sent on
research team’s behalf

Froiling installer, Jim Valkenburgh

Postal addresses for non-adopters, survey
sent by Ms. Edling

Cornerstone Energy Services

E-mail addresses for non-adopters, survey
sent by Ms. Edling

New Day Energy

Postal addresses for non-adopters, survey
sent by Ms. Edling

Table 3: AWPH distributors and installers who either gave contact information to me or
distributed the survey on the research teams’ behalf
Survey distribution methods had to vary by state and by adopter status (adopter
versus non-adopter) in another way: paper versus digital distribution. The paper and
digital surveys were identical in content except that the digital survey needed one
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additional question in order to utilize a “skip to” function for adopters versus nonadopters. The New York incentive program did not use e-mail to correspond with its
participants, which meant that I had to use paper surveys and reminders. Conversely, in
New Hampshire, the incentive program only maintained digital contact information, so I
sent surveys and reminders using SurveyMonkey. In Vermont, the program had both
postal and e-mail addresses, which meant that I could utilize mixed methods to send out
surveys and reminders—an ideal method according to Dillman 2014. In Maine, and for
all non-adopters, contact type varied by distributor and installer.
Where possible, I used mixed e-mail and postal survey distribution, as
recommended by Dillman 2014. Whenever I had postal mail contact information, I would
send a paper survey first, because then I would be able to send a $2 bill as a cash
incentive. Dillman 2014 strongly recommends sending a cash incentive, even if as low as
$2. If I did not have access to postal mail contacts, I sent an e-mail invitation which
contained a link to the SurveyMonkey survey. For the digital surveys, I offered the
promise to enter participants in a lottery to win a $50 Amazon gift card. Dillman 2014
finds that lotteries do not work as well as an incentive as cash, hence this was my second
choice of initial contact.
One week after I sent out the paper surveys, I sent a postcard thank-you/reminder
to all recipients of the paper survey. Where only e-mail surveys were sent out, I sent the
reminder only to non-respondents as SurveyMonkey is able to keep track of who has
responded. In cases where I sent out the paper surveys and could keep track of who
responded, I sent out a third reminder only to non-responders two weeks after I sent the
postcard. For those for whom I had e-mails, I sent the third (and subsequent fourth)
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reminder via e-mail in order the vary the method of contact. If only postal mail contact
was available, this third reminder was in the form of a letter and another copy of the
survey. In New York and Vermont, where the state policy representatives had sent out the
paper surveys and postcards, I could not keep track of who responded and who did not, so
I had to send reminders to everyone (with an apology to those who had already filled out
the survey). I sent the fourth reminder approximately two weeks after the third. See
appendix I, J, and K for copies of the survey invitations and second and third reminders. I
developed the language in these invitations and reminders through consultation with
Dillman 2014 and input from the research team.
See Appendix L for the survey instrument. I developed the language, ordering,
and formatting with strict adherence to Dillman 2014 and with input from the research
team, the state policy representatives, the industry partners (see Table 4), and survey
experts at UVM. I pre-tested the survey with a dozen non-expert volunteers, both in paper
and digital form, and revised the survey based on their feedback.
5.2 Response Rate and Non-Response Bias Testing
Of the 1,832 surveys that were sent, 690 surveys were returned, for a response
rate of 38%. Despite the fact that I sent approximately an equal number of surveys to
adopters and non-adopters, the response rate was higher for adopters (67% of surveys
returned) compared to non-adopters (33%).
To test for potential non-response bias, I called all 109 people for whom I had
telephone contacts but who did not respond to the survey (60 non-adopters and 49
adopters). I was able to reach 51 of these people — 30 adopters and 26 non-adopters. I
asked the survey non-respondents to indicate the primary reason for not responding to the
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survey, what type of heating system they currently use, and what the primary reasons
were for choosing that heating system. Also for non-response bias testing, I compared the
demographics of the survey respondents to the demographics of each of our survey states
(or region in the case of New York).
6. Data Analysis
6.1 Qualitative Data
A paid contractor out of Hinesburg, VT did the initial transcription of all of the
interviews (I found her through a query on Front Porch Forum and developed a contract
with her). As she was not a professional transcriber, I double-checked all of her work,
which allowed me to both re-listen to the interviews as well as check for transcription
errors.
I coded all interviews using NVivo software and used methods found in Bazeley
and Jackson (2013). While I was the only researcher to conduct coding, I held several
meetings with Dr. Danks on the coding process, my NVivo codebook, and reviewed my
own coding on each interview transcript a minimum of three times. I developed the
codebook using expected themes from diffusion of innovation and sociotechnical system
literature. These expectant themes include the characteristics, motivations,
communication networks and decision criteria that Rogers (2003) developed as relevant
for categorization of adopter types. These include perceptions of AWPH and its relative
advantage compared to other heating technology or its compatibility with interviewees’
needs or values. Expected themes also included sociotechnical system elements found in
multi-level perspective literature such as landscape level factors (e.g. the price of oil), or
regime factors (e.g. pellet mill infrastructure). Emergent themes such as the cultural
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significance of wood heating or the significance of knowledge that neighbors were also
adopting AWPH played an important role in qualitative coding.
I analyzed qualitative data in the surveys with the assistance of three
undergraduate research assistants whom I coached on my NVivo codebook for them to
use in analysis. I assigned each research assistant an equal number of questions from the
survey that had the option for write-in answers if the survey participant chose “other” out
of the list of provided answers. The research assistants pulled these write-in answers from
the survey into a Google Doc and coded there using the NVivo codebook. Using this
Google Doc, I would then review their coding. In this method, we coded and summarized
answers that were “true others” to the survey questions (for example, a write-in answer of
“combination oil and firewood boiler” to the question on what type of heating system
someone was considering switching from would be considered a “true other”). If a survey
participant wrote in an answer under “other” that was not relevant to the question, the
undergraduate research assistants would move this answer to the end of the survey, which
was a space for survey participants to make any additional qualitative comments.
The research assistants and I coded the comments made at the end of the survey,
as well as the comments moved to the end as mentioned above, using the same coding
themes as the interviews and the same coding methods as the survey. After reviewing the
undergraduate research assistants’ coding, if there were any remaining questions, these
were brought to the attention of Dr. Danks during weekly research team meetings. The
codebook used for both the interviews and the qualitative results of the survey is included
here as Appendix M.
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6.2 Quantitative Data
The undergraduate research assistants entered the answers to paper surveys into
SurveyMonkey. Each research assistant checked 20% of another’s work for errors. They
then exported SurveyMonkey answers into Excel and SPSS. From Excel, research
assistant Adam Wechsler was able to create data summarizes and graphs (without
statistical analysis) that was then used for a technical report distributed to stakeholders at
a January 2019 summit. From SPSS, I was able to conduct statistical relationship testing.
I used chi-squared tests to test for significance in the distribution of percentages across
categorical data and nonparametric, Kruskal-Wallace tests to test for significance in the
average rankings of ordinal data among different category groups. These tests were
recommended by statistical software consultant, Alan Howard. Selected tests are included
here as Appendices N and O. Appendix N includes tests and results described and
analyzed in Chapter Three of this dissertation and Appendix O includes tests and results
described and analyzed in Chapter Four.
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Appendix B. Interview Guide for MNP Single Family Home Adopters
1a) We know you installed a wood pellet boiler through the MNP. Before I ask you some
specific questions, can you just tell me a little about your experience with doing that?
1b) What month(s) and year were you making the decision to convert to a wood pellet
boiler?
1c) Were you choosing between a wood pellet boiler and something else? If so, what?
2a) What triggered you to start thinking about changing your home heating system?
2b) How did you first hear about modern wood pellet boilers?
2c) Did you use any state incentive programs to purchase them? If so, how did you find
out about them?
2d) How did you find and chose your system and your installer?
3a) Why did you start looking into wood pellet boilers?
3b) Where or from whom did you get information on wood pellet boilers when making
the decision to get one?
3c) Of these information sources, whom did you trust the most and why? Who was the
most influential and why?
3d) What was the level of technical information that you got from your data sources?
What was their level of economic information?
4a) What would you say was the primary motivation for your choice to purchase a wood
pellet boiler?
4b) What were the other factors were you weighing in deciding to convert to a wood
pellet boiler and what was the relative weight of these factors? (You can rank the factors
or use percentages)
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4c) What were some of the major barriers to making your decision to get a wood pellet
boiler and how did you finally overcome these barriers?
5a) Did the Northern Forest Center and the Model Neighborhood Program have a role in
your decision to purchase a wood pellet boiler? If so, what elements of that program?
5b) Were state programs important to your decision to purchase a wood pellet boiler? If
so, how were they influential?
5c) If you could offer any suggestions to the MNP or to state-level programs to help
eliminate barriers to adopting modern wood heating technology, what would you suggest,
if anything?
6a) How satisfied are you with your wood pellet boiler system?
6b) Now that you have purchased a pellet boiler, is there anything that you appreciate
about it that didn’t originally factor into your decision to buy one?
6c) Is there anything about heating with modern wood heating technology that you would
change or improve?
6d) How would you compare the experience of heating with modern wood technology
with what you were using before?
7a) What have you shared about your experience with modern wood pellet boiler or the
Model Neighborhood Program and with whom and how did you share this information?
7b) Did anyone you talked to about your experience purchase a pellet boiler themselves?
8) Do you consider yourself an early adopter? Or does new technology you adopt need to
be “tried and true”?
9) Do you think that the installation will improve the value of your home?
10) Are you experiencing any cost savings with your wood pellet boiler
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Appendix C. Interview Guide for MNP Single Family Home Non-Adopters
1a) We know you considered installing a wood pellet boiler through the MNP. Before I
ask you some specific questions, can you just tell me a little about your experience with
doing that?
1b) What month(s) and year were you making the decision to convert to a wood pellet
boiler?
1c) Were you choosing between a wood pellet boiler and something else? If so, what?
2a) What triggered you to start thinking about changing your home heating system?
2b) How did you first hear about modern wood pellet boilers?
2c) Did you find out about any incentive programs to purchase them? How?
3a) Why did you start looking into wood pellet boilers?
3b) Where or from whom did you get information on wood pellet boilers when making
the decision to get one?
3c) Of these information sources, whom did you trust the most and why? Who was the
most influential and why?
3d) What was the level of technical information that you got from your data sources?
What was their level of economic information?
4a) What factors were you weighing in deciding to convert to a wood pellet boiler and
what was the relative weight of these factors? (You can rank the factors or use
percentages)
4b) What was the primary reason that you decided not to purchase one?
4c) Were there barriers to converting to modern wood heating that, if overcome, would
have altered your decision?
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5) If you could offer any suggestions to the MNP or to state-level programs to help
eliminate barriers to adopting modern wood heating technology, what would you
suggest? Or alternatively, is there really nothing a state or private program could do to
influence your decision on how you heat your home?
6) How satisfied are you with your current heating system?
7) What have you shared about your experience with modern wood pellet boiler or the
Model Neighborhood Initiative and with whom and how did you share this information?
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Appendix D. Interview Guide for MNP Small-Scale Institutional Adopters
1a) What month(s) and year were you making the decision to convert to a wood pellet
boiler?
1b) Were you choosing between a wood pellet boiler and something else? If so, what?
1c) We know you installed a wood pellet boiler through the MNP. Tell us about that.
2a) What triggered you to start thinking about changing your institution’s heating
system?
2b) How did you first hear about modern wood pellet boilers?
2c) Did you use any state incentive programs to purchase them? If so, how did you find
out about them?
2d) How did you find and chose your system and your installer?
3a) Why did you start looking into wood pellet boilers?
3b) Where or from whom did you get information on wood pellet boilers when making
the decision to get one?
3c) Of these information sources, whom did you trust the most and why? Who was the
most influential and why?
3d) What was the level of technical information that you got from your data sources?
What was their level of economic information?
4a) What would you say was the primary motivation for your choice to purchase a wood
pellet boiler?
4b) What were the other factors were you weighing in deciding to convert to a wood
pellet boiler and what was the relative weight of these factors? (You can rank the factors
or use percentages)
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5a) Did the Northern Forest Center and the Model Neighborhood Program have any role
in your decision to purchase a wood pellet boiler? If so, what elements of that program?
5b) Were state programs important to your decision to purchase a wood pellet boiler? If
so, how were they influential?
6a) How satisfied are you with your wood pellet boiler system?
6b) Now that you have purchased a pellet boiler, is there anything that you appreciate
about it that didn’t originally factor into your decision to buy one?
6c) Are you experiencing any cost savings with your wood pellet boiler?
7a) What have you shared about your experience with modern wood pellet boiler or the
Model Neighborhood Program and with whom and how did you share this information?
7b) Did anyone you talked to about your experience purchase a pellet boiler themselves?
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Appendix E. Interview Guide for MNP Small-Scale Institutional Non-Adopters
1a) What month(s) and year were you making the decision to convert to a wood pellet
boiler?
1b) Were you choosing between a wood pellet boiler and something else? If so, what?
1c) We know you considered installing a wood pellet boiler through the MNP. Tell us
about that.
2a) What triggered you to start thinking about changing your institution’s heating
system?
2b) How did you first hear about modern wood pellet boilers?
2c) Did you find out about any incentive programs to purchase them? If so, how?
3a) Why did you start looking into wood pellet boilers?
3b) Where or from whom did you get information on wood pellet boilers when making
the decision to get one or not?
3c) Of these information sources, whom did you trust the most and why? Who was the
most influential and why?
3d) What was the level of technical information that you got from your data sources?
What was their level of economic information?
4a) What factors were you weighing in deciding to convert to a wood pellet boiler and
what was the relative weight of these factors? (You can rank the factors or use
percentages)
4b) What was the primary reason that you decided not to purchase one?
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5a) Did the Northern Forest Center and the Model Neighborhood Initiative have any role
in your decision on whether or not to purchase a wood pellet boiler? If so, what
elements of that program?
5b) Were state programs somehow a factor in your decision not to purchase a wood pellet
boiler? If so, how were they influential?
6) How satisfied are you with your current heating system?
7) What have you shared about your experience with modern wood pellet boiler or the
Model Neighborhood Initiative and with whom and how did you share this
information?
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Appendix F. Interview Guide for Installers and Key Industry Informants
1. When and why did you get into the modern wood pellet heating industry?
2. Did you encounter significant obstacles to becoming an installer of MWH systems?
3. Did you need to get special certification to be able to offer MWHS? IF so, what was
that process like? Was it onerous or relatively inexpensive and easy?
4. What other kinds of heating systems do you install (or sell)? Approximately what
fraction of your business is MWHS?
5. Do you usually know your customers before you install a MWHS for them? Either
personally or professionally?
6. How do your customers become interested in MWHS?
7. On a scale of 0-5, 0 being never and 5 being always, what factors are of most concern
to customers and have the biggest impact on their decisions?
a.

Upfront cost

b.

Cost of pellets

c.

Available incentives

d.

Reliability of system

e.

Reliability of supply

f.

Reliability of technical support

g.

Maintenance they needed to do on the system

h.

Modification needed to house

i.

Climate Change

j.

Forest Health

k.

Local economy
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l.

Air quality or health issues

m.

Safety

n.

Any other factors?

8. Is there a specific kind of person who purchases modern wood pellet technology?
(Age, income level, occupation, education level, personality, communication behavior,
political orientation).
9. Is there a specific kind of local institution or business that purchases modern wood
pellet technology? (Size, financial resources, business model).
10. How do you market modern wood heating systems? What kind of messages do you
use? In what venues? Which seem most effective?
11. What are some of the barriers for potential residential and small business or
institutional adopters to converting to modern wood heating technology and what are
some of the mechanisms that might help overcome those barriers?
12. For each of these barriers, on a scale of 0-5, 0 being not at all effective and 5 being
completely effective, how would you rate the Model Neighborhood Program’s ability to
address these barriers and then how would you rate the state program’s ability to address
these barriers?
13. At this stage in the market, is there a difference between marketing and education
about modern wood heating? I’ve asked about marketing, so if you think there is a
difference between marketing and education, what kind of education or outreach
programs would be effective in order to get past the barriers for wider implementation of
modern wood heating technology? Who would be targeted, what would be the content of
those programs, who should implement them, and what would the outcomes be?
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14. What changes, if any, need to be made in wood pellet heating technology
or complementary technology and infrastructure, in order to get past barriers for wider
implementation?
15. For MNP installers: How would you describe your role in the MNP? Would you say
your role in the MNP program is essential for its success?
16. What have been the impacts of the Model Neighborhood Project on your business, if
any, or on the communities in which it operates? Would you recommend scaling up the
program? Why or why not? How would you compare these impacts with statewide
programs?
17. In the bigger picture, what seems to drive the demand for modern wood pellet
technology?
18. How has the fluctuation in oil prices affected numbers of customer inquiries, your
recommendations to customers, and ultimately installations of MWHS?
19. Are there production policies, such as the growing and harvesting of wood, that
impact the wood pellet heating industry? If so, which ones and how?
20. Are there process policies, such as the production and transportation of pellets, that
impact the wood pellet heating industry? If so, which ones and how?
21. Are there consumption policies, such as regulations and incentives, that impact the
wood pellet heating industry? If so, which ones and how?
22. Are there other factors that influence the wood pellet heating industry that I didn’t ask
specifically about?
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23. What do you think the effects of an increase in demand for wood pellets are on
northern forests? What are the social or economic effects on the surrounding
communities?
24. How should policies and programs that promote wood pellet use incorporate these
impacts?
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Appendix G. Interview Guide for Government Actors
1. Can you tell me a little bit about your work and how it relates to modern wood pellet
heating?
2. When and why did you get involved with this work?
3. What was the process like of getting modern wood heating programs implemented in
your state? Was there a lot of buy-in and approval or was it controversial (and if so,
how)? Was it a long or quick process?
4. How much interaction do you have with either the adopters of modern wood heating or
with the modern wood heating industry?
5. How do people become interested in the modern wood heating program in your state?
6. On a scale of 0-5, 0 being never and 5 being always, what factors are of most concern
to potential modern wood heating customers and have the biggest impact on their
decisions?
a.

Upfront cost

b.

Cost of pellets

c.

Available incentives

d.

Reliability of system

e.

Reliability of supply

f.

Reliability of technical support

g.

Maintenance they needed to do on the system

h.

Modification needed to house

i.

Climate Change

j.

Forest Health
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k.

Local economy

l.

Air quality or health issues

m.

Safety

n.

Any other factors?

7. Is there a specific kind of person who purchases modern wood pellet technology?
(Age, income level, occupation, education level, personality, communication behavior,
political orientation).
8. Is there a specific kind of local institution or business that purchases modern wood
pellet technology? (Size, financial resources, business model).
9. What are some of the barriers for potential residential and small business or
institutional adopters to converting to modern wood heating technology and what are
some of the mechanisms that might help overcome those barriers?
10. How would you rate the Model Neighborhood Program’s ability to address these
barriers and then how would you rate the state program’s ability to address these barriers?
11. What kind of education or outreach programs would be effective in order to get past
the barriers for wider implementation of modern wood heating technology? Who would
be targeted, what would be the content of those programs, who should implement them,
and what would the outcomes be?
12. What changes, if any, need to be made in wood pellet heating technology
or complementary technology and infrastructure, in order to get past barriers for wider
implementation?
13. What have been the impacts of the Model Neighborhood Project on your work, if any,
or on the communities in which it operates? Would you recommend scaling up the
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program? Why or why not? How would you compare these impacts with statewide
programs?
14. How has the fluctuation in oil prices affected numbers of customer inquiries, your
recommendations to customers, and ultimately installations of MWHS?
15. Are there production policies, such as the growing and harvesting of wood, that
impact the wood pellet heating industry? If so, which ones and how?
16. Are there process policies, such as the production and transportation of pellets, that
impact the wood pellet heating industry? If so, which ones and how?
17. Are there consumption policies, such as regulations and incentives, that impact the
wood pellet heating industry? If so, which ones and how?
18. Are there other factors that influence the wood pellet heating industry that I didn’t ask
specifically about?
19. What do you think the effects of an increase in demand for wood pellets are on
northern forests? What are the social or economic effects on the surrounding
communities?
20. How should policies and programs that promote wood pellet use incorporate these
impacts?
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Appendix H. Interview Guide for MNP Community Partners
MNP community partners are temporary Northern Forest Center employees who
advocate for AWPH and offer decision support in MNP communities.
1. Why did you get involved in the Model Neighborhood Program? Would you say your
role in the MNP program is essential for its success?
2. What are some of the main benefits of modern wood heating for communities in this
area? What are some of the drawbacks, if any?
3. Do you often know people before you start working with them in a MNP capacity?
4. How do people become interested in MWH?
5. On a scale of 0-5, 0 being never and 5 being always, what factors are of most concern
to potential adopters of MNW and have the biggest impact on their decisions?
a.

Upfront cost

b.

Cost of pellets

c.

Available incentives

d.

Reliability of system

e.

Reliability of supply

f.

Reliability of technical support

g.

Maintenance they needed to do on the system

h.

Modification needed to house

i.

Climate Change

j.

Forest Health

k.

Local economy

l.

Air quality or health issues

m.

Safety
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n.

Any other factors?

6. Is there a specific kind of person who purchases modern wood pellet technology?
(Age, income level, occupation, education level, personality, communication behavior,
political orientation).
7. Is there a specific kind of local institution that purchases modern wood pellet
technology? (Size, financial resources, business model).
8. What are some of the barriers for potential residential and small business or
institutional adopters to converting to modern wood heating technology and what are
some of the mechanisms that might help overcome those barriers?
9. For each of these barriers, on a scale of 0-5, 0 being not at all effective and 5 being
completely effective, how would you rate the Model Neighborhood Program’s ability to
address these barriers and then how would you rate the state program’s ability to address
these barriers?
10. What kind of education or outreach programs would be effective in order to get past
the barriers for wider implementation of modern wood heating technology? Who should
be targeted, what would be the content of those programs, who should implement them,
and what would the outcomes be?
11. What changes, if any, need to be made in wood pellet heating technology
or complementary technology and infrastructure, in order to get past barriers for wider
implementation?
12. What have been the impacts of the Model Neighborhood Project on the communities
in which it operates? Would you recommend scaling up the program? Why or why not?
How would you compare these impacts with statewide programs?
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13. In the bigger picture, what seems to drive the demand for modern wood pellet
technology?
14. Are there production policies, such as the growing and harvesting of wood, that
impact the wood pellet heating industry? If so, which ones and how?
15. Are there process policies, such as the production and transportation of pellets, that
impact the wood pellet heating industry? If so, which ones and how?
16. Are there consumption policies, such as regulations and incentives, that impact the
wood pellet heating industry? If so, which ones and how?
17. Are there other factors that influence the wood pellet heating industry that I didn’t ask
specifically about?
18. What do you think the effects of an increase in demand for wood pellets are on
northern forests? What are the social or economic effects on the surrounding
communities?
19. How should policies and programs that promote wood pellet use incorporate these
impacts?
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Appendix I. Survey Invitation Letter

November 2017

Greetings!
In the past few years, you made a decision about how to heat your home, business, or
institution and considered installing an automated wood pellet boiler or furnace. We request
that you, or another person who helped make a decision about purchasing an automated wood
pellet boiler, complete a brief survey about this decision. By sharing your experience, you can
help identify energy and forestry policies and programs that can best serve Northern Forest
communities.
The number of people who have considered automated wood pellet heating systems is still
pretty limited, so your input is invaluable!
If you also received this survey in an e-mail, we apologize for the inconvenience – we’ve
received information from multiple partners. We ask that you only fill it out once. None of the
information collected from you will be given to outside parties for any purpose.
If you have any questions about this study, or if you would like an online version of this survey,
feel free to contact Laura Edling, graduate researcher, at (802) 363-1007 or
laura.edling@uvm.edu or Cecilia Danks, Associate Professor, at (802) 656-0175 or
cdanks@uvm.edu . We will make a summary of study findings available for you at
www.uvm.edu/forestcarbon.
Thank you so much for sharing your insights into heating in the Northern Forest!

Laura Edling
Graduate Researcher
Rubenstein School of Environment and Natural Resources
University of Vermont

P.S. We have enclosed a small token of appreciation as a way of saying thanks for completing
the survey!
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Appendix J. Survey Reminder Letter

December 4, 2017

Hello!

Last week, we mailed you a letter asking for your help with a study about how you made a
decision on whether or not to heat your home, business, or institution with an automated wood
pellet boiler or furnace.

If you, or another person who helped make the decision, has already completed the survey,
please accept our sincere thanks. If not, please complete and return the survey as soon as
possible. We are especially grateful for your help with this important study.

If you do not have a survey, if you would like to receive a digital copy of the survey, or if you
have any questions, please contact Laura Edling by e-mail at laura.edling@uvm.edu or by phone
at (802) 363-1007.

Many Thanks,

Laura Edling
Graduate Researcher
Rubenstein School of Environment and Natural Resources
University of Vermont
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Appendix K. Final Survey Reminder

January 8, 2018

Hello and Happy New Year!
In recent weeks, our research team has asked you, as part of a limited number of people who
have considered purchasing automated wood pellet heating systems, to let us know how you
made the decision of whether or not to purchase one of these systems. We plan to start
summarizing results later this month, so we hope that all surveys will be completed by then.
You can help us by filling out the survey (we are including a new one in case the one you
received earlier got lost over the holidays) and returning it in the provided return envelope. If
you have already completed this survey, you do not need to complete it again. Thank you so
much for participating!

We have been hearing about how energy programs and policies could help communities in the
Northern Forest region be more able to invest in heating energy that is local, sustainable, and
affordable. The more people we hear from, the bigger impact this study will have on improving
the outcomes of these programs and policies.

This is the last contact we will be sending you about this survey, as we are bringing this phase of
the project to a close. A summary of preliminary results will be available on our website
www.uvm.edu/forestcarbon this spring. If you have any questions about this study, or if you
would like an online version of this survey, please contact Laura Edling at (802) 363-1007 or
laura.edling@uvm.edu.
Many thanks for considering our request.

Laura Edling
Graduate Researcher
Rubenstein School of Environment and Natural Resources
University of Vermont
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Appendix L. Survey Instrument

Deciding How to
Heat:
A study of factors affecting automated wood
heat purchasing decisions in the Northern Forest

SURVEY
for homeowners and
organizations

Conducted by:

With support by:
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Before you start, a quick note that our definition of “automated wood heating systems”
refers to high- efficiency, low-emissions boilers and furnaces fueled by wood pellets delivered
in bulk and transferred automatically to the burner.

Section I. PrePurchase
Please complete this section regardless of whether you
purchased an automated wood pellet system.
1) What were the top two reasons you considered purchasing an automated wood heating
system?
Many of these might be contributing reasons, but please chose the TWO that
most strongly initiated your interest in changing.

My heating system was failing/failed or otherwise not meeting my needs.
I was concerned about the air quality or health impacts from my heating system.
I was building or renovating and needed to choose a new heating system.
My heating bills were too expensive.
My heating bills were too unpredictable.
I wanted an alternative to fossil fuels.
I wanted something easier to manage than my current system.
I found out about the available rebates/incentives.
Other, please specify:

2) In what state is your home, business, or facility located?

Maine
New Hampshire
New York

Vermont
Other, please specify:

3) When did you decide whether or not to convert to an automated wood pellet system?

Before January 2015
During or after January 2015
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Spanned before and after January 2015
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4) What type of heating system were you considering replacing with an automated
wood pellet system?
Please check all that apply.

I was considering automated wood heat for a new building with no pre-existing heating
system
Oil furnace or boiler
Propane furnace, boiler, or wall-mounted Rinnai heater

Natural gas furnace, boiler, or wall-mounted Rinnai heater
Electric baseboard
Wood pellet stove

Firewood stove or boiler
Other, please specify:

5) How influential were the following sources of information in making the decision on
whether or not to purchase an automated wood pellet heating system?
Please circle one answer in each row.

Slightly
influential

Moderately
influential

N
ot
at
al
l
i
n
fl
u
e
n
ti
al

Very
influenti
al

A person or place I knew that
had one installed

Not at all

Slightly

Moderately

Very

A state program (e.g. Efficiency
Vermont, Efficiency Maine,
NYSERDA)

Not at all

Slightly

Moderately

Very
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A heating technician or company

A distributor of automated
wood pellet heating systems

Not at all
Very
Not at all

A non-profit or community organization

Slightly

Slightly

Moderately

Moderately

Very

Not at all
Very

Slightly

Moderately

Internet research

Not at all
Very

Slightly

Moderately

Other, please specify:

Not at all

Slightly

Moderately
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Very

6) When making the decision to purchase an automated wood pellet system, did you consider the
following cost-related factors to be pros or cons, and how significant was each?
Please circle one answer in each row.

A
significant
con

A minor
con

Neither
pro nor
con

A minor
pro

A
significant
pro

Upfront costs

Significant
con

Minor
con

Neither
pro or con

Minor
pro

Significant
pro

Stability of pellet prices compared to
other fuels

Significant
con

Minor
con

Neither
pro or con

Minor
pro

Significant
pro

Time needed to realize a return on
investment

Significant
con

Minor
con

Neither
pro or con

Minor
pro

Significant
pro

7) When making the decision to purchase an automated wood pellet system, did you
consider the following technical-related factors to be pros or cons, and how
significant was each?
Please circle one answer in each row.

A
significant
con

A minor
con

Neither
pro nor
con

A
minor
pro

A
significant
pro

Ease of use and maintenance

Significant
con

Minor
con

Neither
pro or con

Minor
pro

Significant
pro

Reliability

Significant
con

Minor
con

Neither
pro or con

Minor
pro

Significant
pro

Availability of technical support

Significant
con

Minor
con

Neither
pro or con

Minor
pro

Significant
pro

Building modifications needed for
installation

Significant
con

Minor
con

Neither
pro or con

Minor
pro

Significant
pro

Availability of bulk delivered pellets

Significant
con

Minor
con

Neither
pro or con

Minor
pro

Significant
pro

Effects on air quality

Significant
con

Minor
con

Neither
pro or con

Minor
pro

Significant
pro
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8) When making the decision to purchase an automated wood pellet system, did you consider the
following factors to be pros or cons, and how significant was each?
Please circle one answer in each row

A
s
i
g
n
i
f
i
c
a
n
t
c
o
n

Past experience with wood heat

A minor
con

Neither
pro nor
con

A minor
pro

A
significan
t pro

Minor
con

Neither
pro or con

Minor
pro

Significan
t pro

Minor con

Neit
her
pro or
con

Minor pro

S
i
g
n
i
f
i
c
a
n
t
c
o
n

Effects on forest health
S
i
g
n
i
f
i
c
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a
n
t
c
o
n

Significant pro
Effects on climate change

Minor
con

Neither
pro or con

Minor
pro

Significan
t pro

Minor
con

Neither
pro or con

Minor
pro

Significan
t pro

Minor con

Neit
her
pro or
con

Minor pro

S
i
g
n
i
f
i
c
a
n
t
c
o
n

Effects on local economy
S
i
g
n
i
f
i
c
a
n
t
c
o
n

Effects on local culture/sense of place
S
i
g
n
i
f
i
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c
a
n
t
c
o
n

Significant pro
Minor
con

Other factors, please specify:

S
i
g
n
i
f
i
c
a
n
t
c
o
n
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Neither
pro or con

Minor
pro

Significan
t pro

9) What type of heating system, if any, did you end up
purchasing?
Please check all
that apply.

I did not purchase a new heating system
Automated wood pellet boiler or furnace
Advanced firewood boiler or furnace
Oil boiler or furnace
Propane boiler, furnace, or wall-mounted Rinnai heater

A firewood or wood pellet stove
Air source heat pump(s)
Other, please specify:

If you did not purchase an automated wood pellet
system, please skip to page 6, section III.
If you purchased an automated wood pellet system, please
continue.
Section II. For Purchasers of Automated Wood Heating

Please complete this section if you purchased an automated
wood pellet system.
10) Did you participate in the Model Neighborhood Project sponsored by the Northern Forest
Center?

Yes
No

I don’t know
11) How influential were the following types of support in your decision to purchase an
automated wood pellet system?
Please circle one answer in each row

Not at all
influential

Slightly
influential

Moderately
Influential

Very
influential

Financial incentives and rebates

Not at all

Slightly

Moderately

Very

Affordable financing/loans

Not at all

Slightly

Moderately

Very
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Assistance in finding and contacting
distributors and/or installers

Not at all

Slightly

Moderately

Very

Assistance from government or organization
staff with applications and paperwork

Not at all

Slightly

Moderately

Very

Knowledge that others in my
neighborhood/town were also installing
automated wood pellet systems

Not at all

Slightly

Moderately

Very

Ability to view previously installed systems

Not at all

Slightly

Moderately

Very

Other, please specify:

Not at all

Slightly

Moderately

Very

12) Approximately, what did you pay for your automated wood pellet boiler or furnace?
This includes the cost of the system, of storage units, and of modifications
needed to your home or building, but excludes any incentives or rebates.

$ satisfied are you with your automated wood pellet heating system?
13) How
Very satisfied
Somewhat satisfied
Neither satisfied nor dissatisfied
Somewhat dissatisfied
Very dissatisfied

Please skip to page 7, section IV.
Section III. For Non-Purchasers of Automated Wood Heating

Please complete this section if you did not purchase an
automated wood pellet system
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14) If the following types of supports had been available, would you have been
more likely to purchase an automated wood pellet system?
Please circle one answer in each row

Higher level of state or federal financial
incentives or rebates

Definitely
no

Affordable financing/loans

Probably
no
D
e
f
i
n
i
t
e
l
y
n
o

Probably
yes

Definitel
y yes

Probably
no

Probably
yes

Definitel
y yes

Probably
no
D
e
f
i
n
i
t
e
l
y
n
o

Probably
yes

Definitel
y yes

Assistance in finding and contacting
distributors and/or installers

Definitely
no

Probably
no

Probably
yes

Definitel
y yes

Assistance from government or
organization staff with applications and
paperwork

Definitely
no

Probably
no

Probably
yes

Definitel
y yes
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Knowledge that others in my
neighborhood/town were also installing
automated wood pellet systems

Definitely
no

Probably
no

Probably
yes

Definitel
y yes

Ability to view previously installed systems

Probably
no
D
e
f
i
n
i
t
e
l
y
n
o

Probably
yes

Definitel
y yes

Other, please specify:

Probably
no
D
e
f
i
n
i
t
e
l
y
n
o

Probably
yes

Definitel
y yes
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15) How satisfied are you with your current heating system?

Very satisfied
16) Approximately, what did you pay for your current heating system?
satithe
sfied
Somewhat
This includes
cost of the system and of modifications needed to your home or
building
excludes
or rebates.
but
ssatiincentives
sfied
Neither satisfied nor diany
$

Somewhat dissatisfied
Very dissatisfied

Section IV: Opinions of Purchasers and NonPurchasers

Everyone please complete this section.
17) How important is buying locally grown or produced products to you?

Very important
Somewhat important
Slightly important
Not important
18) How do you think that the use of automated wood heating systems affects forest health?

It most likely has a positive overall effect on forest health.
It most likely has little or no effect on forest health.
It most likely has a negative overall effect on forest health.
I don’t know
Other, please specify:
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19) How do you think that the use of automated wood heating systems affects climate change?

It would likely emit more carbon overall compared to fossil fuel heating.
It would likely have little or no effect on carbon emissions compared to fossil fuel heating.
It would likely emit less carbon overall compared to fossil fuel heating.
I don’t know
Other, please specify:

20) Which statement best represents your beliefs on climate change?

Climate change is mainly due to human activity
Climate change is mainly due to natural causes
There is no evidence for climate change
I don’t know

Section V: About You and Your Building

Everyone please complete this section.
21) How would you describe your attitude to new technologies or activities, compared to
other people you know? If you are representing an organization, how would you
describe its attitude?

I am/we are generally:
among the first to try a new technology or a new activity.

in the middle when it comes to trying a new technology or a new activity.
among the last to try a new technology or a new activity.

22) What is the five-digit zip code of the home or building for which you adopted, or
considered adopting, an automated wood pellet system?

_

_
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23) What is the approximate square footage of the heated area in your home or building?
s
q
.
f
e
e
t
24) What is your household annual income range?

0-$49,999
$50,000-$99,999
$100,000-$149,999
$150,000-$199,999
$200,000-$249,999
$250,000-$299,999
$300,000 or more

25) What is your age?
18-24
25-34
35-44
45-54
55-64
65-74
75-84
85 years or older
26) What is your highest level of education?

Some high school
High school (includes equivalency)
Some college
Associate’s degree
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Bachelor’s degree
Master’s degree
Professional degree
Doctorate degree

Non-profit facility

If you answered “Private home”, you have completed the survey.
If you answered anything other than “Private home”, please
continue.
Section VII: For Facilities

Please complete this section if you are a business or
institutional facility.
28) How many people does your business or institution employ?

29) What's your approximate annual expense budget?

$

Thank you for completing this
survey!
If you have any additional thoughts about automated wood pellet heating, or about the
survey itself, please share them here.
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Please return this questionnaire in the enclosed return
envelope.
Appendix M. NVivo Codebook
#1 reason for adopting
#1 reason for not adopting
#2 reason for adopting
#2 reason for not adopting
#3 reason for adopting
Ability to observe AWPH in a peer a pro
Access to affordable loan a pro
Acknowledges uncertainty and risk
Change Agent is in Interpersonal Network
Architect or engineer
Connected to local school with a system
Connected to Town Manager
Contacted directly by NFC
Forester
Knows a distributor of systems or pellets personally
Knows an installer personally or professionally
Knows someone who had one installed
Personally knows someone knowledgeable about the systems
Communicates about system through interpersonal networks
Colleague
Community organizations
Contractors
Costumers
Friends
Neighbors
Compatibility a con
Current system is forced hot air or steam
Environment is not a decision factor
House structure means construction needed
Large amount of space needed
Lifestyle
Electrical outages
Enjoys splitting wood
Not concerned about efficiency
Negative impact on carbon emissions
Negative impact on forest health
No impact on carbon emissions
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Old system does not need to be replaced
Pellets are not supporting the local economy more than local cord wood
Compatibility a pro
Dislike dependence on foreign energy supply
Dislike of fossil fuels
Have connection with the local forest
Forest owner
Hunter
Values aesthetic beauty
Values wildlife
Have space for storage
Heating needs
Can connect with oil boiler as back-up
Central heating
Compatible with heating distribution system
Previous system needed to be replaced
Installation compatible with new construction
Less pollution
Lifestyle
Age is a factor
Enjoy having ash as fertilizer
Pro-environment
Want to get rid of radiators in house
Lower carbon footprint
Lower negative impact on air quality
Money was not the most important decision factor
No space for propane or oil tanks
Positive impact on forest health
Previously heated with wood
Renewability
Support forest industry
Support the local economy and local jobs
Complexity a con
Complexity of quotes or price
Difficult to use or maintain
For installers
Complexity a pro
For consumers
For installers
Concern about leftover pellets
Culture and symbolic meaning
Burning wood is backward
Heating with wood is a local norm
Importance of forestry
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Importance of independence
Lack of political culture to support industry
Personal identity
Renewable energy is a local norm
Technicians are more friendly than oil technicians
Using entitlements a con
Using wood is a way of life
Wood heat represents connection to energy
Decision support from distributor
Connect with installers
Help train customers' heating technicians
Information about models
Informed about government policy
Informed about MNP or state grants
Decision-support from installer
Did work for grant applications
Financial information
Informed about modern wood pellet heating
Informed customer about MNP
Informed customer about state-level incentive
Provides trust
Technical support
Willing to work on complex installation
Does not like to be the first to try new technology
Economic development
AWPH increases standard of living
Decline of centralized power plants
demise of pulp and paper industry
Impact of oil price changes on adoption
loss of manufacturing
no farming
Results of MNP on community
Favorable attitude toward science
Forests
Availability of supply
Concerned about supply for pellet industry
Enough supply for pellet industry
Sustainable if local
Sustainable if managed
Very far from overharvesting for pellets
Dislike of clear cutting
Need certified forests for pellet production
Good Quote
Government Organizations
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Efficiency Maine
Efficiency Vermont
Federal government
New Hampshire Office of Energy and Planning
New Hampshire Public Utilities Commission
New York State Energy Research and Development Agency
Vermont Agency of Commerce and Economic Development
Vermont Clean Energy Development Fund
Vermont Department of Forests, Parks, and Recreation
Vermont Housing and Conservation Board
Vermont Renewable Energy Resource Council
Government regulations and policies
Decision-support from state program
Connects people to installers
Feasibility studies
Help with incentive application
Loans
Provides education
Provides little decision-support
Technical assistance for SSI
Emission regulations
Financial incentive facts
Forest harvest regulations
Need them
Negative Impact
General awareness campaign effective
Government does not need to have regulations
Influenced by wood energy controversy which influences consumers
Installation requirements
Facts
Negative impacts
Positive impacts
Negative Influence
Incentive not high enough
No incentive for SSI
No knowledge
Rebates have negative consequences
Other forms of AWPH incentive programs
Incentives for removing old wood stoves
Program for schools, municipal buildings, affordable housing
RECs
Positive Influence
Modern wood heat rebates and incentives
Provide list of qualified installers
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Technical support
Promotion of AWPH
Negative
Positive
Research on AWPH
State supports both supply and demand side
Suggestions
Boiler quality standards
Carbon tax
Educating consumers
Fund supply side
Funding pellet harvesting and manufacturing
Get more contractors on board with AWPH
Higher incentive
Keep rebates small and do more, not larger and do less
Need an incentive for SSI in Maine
Need rules about keeping pellet distribution local
Northeast energy department
Policies on pellet standards
Promote district heating
Tax credit
Support for industry
Assists installers with information
Encourage bulk delivery
Money for pellet mills, trucks, and silos
Not able to support electric biomass facilities converting to CHP
Onerous regulations for pellet mills
Support industry through consumer incentives
Has strong opinions and well-articulated values
Hear about AMWH through word of mouth
Industry media and advertising
Cold calls
Does not do any
Education on AWPH
General
Mailers
Paper advertising
Presentations
Press release
Radio
Shows and demos
Signs
Social media and email
TV
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Website
Knowledge
Lack of knowledge on AWPH
Lack of observability a con
Long European use and development
Luddite
Maintenance and distribution networks
Discusses issues with government
Importance of bulk home delivery
Importance of fuel delivery quality
Importance of local installer
Installers build capacity through experience
Local pellet distributor plays role in which brand pellet use
Negative Influence_Experience
Lack of sufficient number of technicians
Not enough choices in pellet delivery
Poor quality installer work
Positive Influence_Experience
Confident in stability of pellet delivery system
High quality installer service
Price of pellets contributes to which brand to buy
Source of pellets is not important
Suggestions
Education to consumers
Electric trucks
Help customers with financing
Information sharing between installers
Pellet co-op
Sell boilers at stove shops
Sell boilers in bulk
Transition fuel trucks into pellet trucks
Use less fossil fuels
Markets
Biomass market appeals to institutions
Churches
Commercial
Low-income housing
Municipalities
Non-profit
Public agency
Schools
For other heating technology
Need a pulp market to have a pellet market
Premature market for AWPH
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Markets and user practices
Choose price over quality
Factors driving adoption have changed
Hands-on
Have exposure to mass media communication (internet research)
Heating source is decided by people's heating contractor
Likes idea of district heating
Motivated by economics over other factors
People continue to use what they have always used
People don't want to deal with heating equipment
Professionally involved in heating
Seeks information about innovations
The first to try new technology
Air exchanger
Building management system
Composting toilet
Computer system in pellet boiler
Efficient refrigerators
Geo-thermal hot water
Heat pump
Hybrid cars
Non-automatic pellet boiler
Oil conversion to propane
Passive solar
Propane toilet
Renewables
Solar
Water sanitizer
Wind
Use wood professionally or recreationally
Will burn whatever fuel is cheapest
Willing to learn
Non-government organizations
Northern Forest Centre
Additional financial incentives influential
Additional money not influential
Advertising in local papers influential
Community meeting influential
Connected with installers
Energy audit not a barrier
Energy audit was a barrier
Got decision support from a local community partner
Helped with paperwork
Importance of a neutral support person
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Importance of energy efficiency measures for program
Importance of having a local contact
Incorporating sustainable use of AWPH into program
Increase in supply and distribution network
Informed about state-level grants
MNP concept is effective
Neighborhood cluster of modern wood pellet heating influential
Not enough technical knowledge
Outreach efforts
Provided ability to observe in a peer
Provided information
Suggestions
Other
Outreach suggestions
Unfairness of MNP
Visible models of modern wood heat influential
Other NGOs
Influenced by wood energy controversy which influences consumers
Role in promoting AWPH
Observability a pro
Opinion leader
Political Stability
Pollution Patterns
Impact of AWPH
Production system and industry structure
Boiler manufacturers and suppliers
Importance of customer service
Importance of high-quality boilers
Importance of trained installers for suppliers
Local supplier impacted brand decision
Many roles in industry
Not enough supplier competition
Outreach suggestions
Chose boiler system based on price
Pellet Standards
ENPlus
Not good enough
Not proper testing when product moving fast
PFI Standard
System connections
Relative advantage a con
Economics
Initial cost too high
Insurance company won't insure
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More money is not saved compared to cord wood
More money is not saved compared to electric
More money is not saved compared to oil
More money is not saved compared to propane
More money is not saved compared to waste oil
Not accessible to the very low-income bracket
Fuel supply stability is questionable
Not a decrease in time and effort compared to oil or gas
Not convenient
Not reliable
Relative advantage a pro
Ease of use and maintenance
Cleaner than cord wood
Decrease in time and effort compared to bagged pellets
Decrease in time and effort compared to cord wood
Decrease in time and effort compared to waste oil
General convenience
Economics
Make property worth more
More money is saved compared to oil
If a large amount of fuel is used
OK with debt
Pellet price more stable than oil price
Efficiency
Better than bagged pellets
Better than cord wood
Better than oil
Better than steam
Is good in general
Fuel supply is stable
Increase in comfort
Quieter than oil system
Reliable
Safer than cord wood boiler
Smells better than oil
Takes up less space than cord wood
Rural
Supply chain actors
Barriers
Capital investment
Lack of business support
Lack of customers
Lack of pellet suppliers
No incentive
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Policy barriers
Time investment
Economic motivation
History in heating industry
History in wood heating
History with forest industry
Non-economic motivations
Supporting infrastructure
Climate change making it tough for pellet mills
Locally made pellets important
Need more pellet manufacturers
Oil price impacts on pellet mills
Pellet quality is important
Suggestions
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Appendix N: Descriptive statistics and SPSS outputs for data presented in Chapter
Three

Figure 3.1: Results of question 14, for AWPH adopters only: How satisfied are you with
your automated wood pellet heating system?
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Figure 3.2: Results of question 16, for AWPH non-adopters only: How satisfied are you
with your current heating system?

What type of heating system
were you considering replacing
with an automated wood pellet
system?
Total

Not “Oil
boiler or
furnace”
Oil furnace
or boiler

What type of heating system,
if any, did you end up
purchasing?
Not “Oil boiler Oil boiler or
or furnace”
furnace
Count
33
5
%

86.8%

Total
38

13.2% 100.0%

Count

41

20

61

%
Count

67.2%
74

32.8% 100.0%
25
99

%

74.7%

25.3% 100.0%

Table 3.1: For those non-adopters that purchased a new heating system other than
AWPH, those who had previously had an oil system were more likely than those who did
not to buy another oil system (p=0.029).

Figure 3.3: Results of question 4, for both adopters and non-adopters: What type of
heating system were you considering replacing with an automated wood pellet system?
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Did you purchase Yes Count
an automated
%
wood pellet boiler No Count
or furnace?
%
Total
Count

What were the top two reasons you considered
purchasing an automated wood heating system?
Did not choose “I found
“I found out about the
out about the available
available
rebates/incentives.”
rebates/incentives.”
308
151

%

Total
459

67.1%
172

32.9% 100.0%
56
228

75.4%
480

24.6% 100.0%
207
687

69.9%

30.1% 100.0%

Table 3.2: Adopters were significantly more likely than non-adopters to choose “I found
out about the available rebates/incentives” as one of their top two reasons for
considering the purchase of AWPH (p=0.025).

Financial incentives and rebates
Not at all Slightly Moderatel
Very
influentia influentia
y
influentia
l
l
influential
l
What were
the top
two
reasons
you
considered
purchasin
g an
automated
wood
heating
system?
Total

Did not choose “I Coun
found out about the t
available
%
rebates/incentives.
”
I found out about Coun
the available
t
rebates/incentives. %

Coun
t
%

Total

36

44

76

145

301

12.0%

14.6%

25.2%

48.2%

100.0
%

1

1

16

133

151

0.7%

0.7%

10.6%

88.1%

100.0
%

37

45

92

278

452

8.2%

10.0%

20.4%

61.5%

100.0
%

Table 3.3: Adopters who chose “I found out about the available incentives” as one of
their top two reasons for considering AWPH rated available incentives as more
influential than those who did not chose this as one of their top two reasons (p=0.000).
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Financial incentives and rebates
Not at all Slightly Moderately
Very
influential influential influential influential
What were the
top two
reasons you
considered
purchasing an
automated
wood heating
system?

Total

Did not
choose “I
wanted an
alternative
to fossil
fuels.”

Total

Count
%

17
9.0%

16
8.5%

21
11.2%

134
188
71.3% 100.0%

“I wanted an Count
alternative
%
to fossil
fuels.”
Count

20
7.6%

29
11.0%

71
26.9%

144
264
54.5% 100.0%

37

45

92

8.2%

10.0%

20.4%

%

278

452

61.5% 100.0%

Table 3.4: Adopters who chose “I wanted an alternative to fossil fuels” as one of their
top two reasons for considering AWPH rated financial incentives and rebates as less
influential than those who did not chose this as one of their top two reasons (p=0.000).
Financial incentives and rebates

What were the
top two reasons
you considered
purchasing an
automated wood
heating system?
Total

Did not
choose
“other”
Other,
please
specify:

Not at all
Slightly Moderately
Very
influential influential influential influential
Count
30
38
88
257
%

Total
413

7.3%

9.2%

21.3%

62.2% 100.0%

Count
%

7
17.9%

7
17.9%

4
10.3%

21
39
53.8% 100.0%

Count
%

37
8.2%

45
10.0%

92
20.4%

278
452
61.5% 100.0%

Table 3.5: All survey respondents who chose “other” as one of their top two reasons for
considering AWPH were more likely than those who did not to consider financial
incentives and rebates as not at all or only slightly influential (p=0.017)
What were the top two reasons you
considered purchasing an automated wood
heating system?

221

Total

Did you purchase an
automated wood pellet
boiler or furnace?

Yes Count

Did not choose “My
heating bills were too
expensive.”
364

%
No Count

79.3%
149

20.7% 100.0%
79
228

%
Count

65.4%
513

34.6% 100.0%
174
687

%

74.7%

25.3% 100.0%

Total

My heating bills
were too
expensive.
95

459

Table 3.6: There was a significant relationship between adoption status and choosing
“my heating bills were too expensive” as one of the top two reasons for considering the
purchase of AWPH. Non-adopters were more likely to choose this reason than adopters
(p=0.000).
Higher level of state or federal financial
incentives or rebates
Definitely Probably Probably Definitely
no
no
yes
yes
What were the
top two reasons
you considered
purchasing an
automated wood
heating system?

Total

Total

Did not
choose “I
wanted an
alternative to
fossil fuels.”

Count
%

6
6.0%

21
21.0%

43
43.0%

30
100
30.0% 100.0%

“I wanted an
alternative to
fossil fuels.”

Count
%

3
2.5%

14
11.8%

75
63.0%

27
119
22.7% 100.0%

Count
%

9
4.1%

35
16.0%

118
53.9%

57
219
26.0% 100.0%

Table 3.7: Non-adopters who selected “I wanted an alternative to fossil fuels” as one of
their top two reasons for considering AWPH were more likely than non-adopters who did
not choose this reason to indicate that a higher level of incentive would “probably yes”
have convinced them to purchase AWPH. They were less likely to say, “definitely yes”,
“probably no”, and “definitely no” (p= 0.022).

Significance of Building Modifications
Minor
Not a
Significant
Decision
Decision
Decision Factor
Factor
Factor
Yes Count

74
222

153

223

Total
450

Did you purchase an
automated wood pellet
boiler or furnace?
Total

%

16.4%

34.0%

49.6% 100.0%

No Count
%

75
33.5%

69
30.8%

80
224
35.7% 100.0%

Count
%

149
22.1%

222
32.9%

303
674
45.0% 100.0%

Table 3.8: Non-adopters were more likely than adopters to say that “Building
modifications needed for installation” was a significant decision factor (p=0.000).

Did you purchase an
automated wood pellet
boiler or furnace?
Total

Yes Count

Direction of Building Modifications
Con
Pro
Decision
Not Pro or Con
Decision
Factor
Decision Factor
Factor
138
223
89

Total
450

%
No Count

30.7%
126

49.6%
80

19.8% 100.0%
18
224

%
Count

56.3%
264

35.7%
303

8.0% 100.0%
107
674

%

39.2%

45.0%

15.9% 100.0%

Table 3.9: Adopters were more likely than adopters to consider “Building modifications
needed for installation” a pro and non-adopters were more likely than adopters to
consider it a con or neither pro nor con (p=0.000).
Outside MNP
Area
Financial incentives and
rebates

Total

Not at all
influential

Inside MNP
Area

Count
%

35
11.0%

2
1.8%

37
8.6%

Slightly influential Count
%

32
10.1%

7
6.2%

39
9.0%

Moderately
influential

Count
%

78
24.5%

10
8.8%

88
20.4%

Very influential

Count
%

173
54.4%

94
83.2%

267
61.9%

Count
%

318
100.0%

113
431
100.0% 100.0%

Table 3.10: All survey respondents in MNP areas were more likely than those outside to
say that rebates and incentives were very influential (p=0.000).
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A non-profit or community
organization

Outside MNP Inside MNP
Area
Area
Count
340
71

Not at all
influential
Slightly
influential
Moderately
influential
Very influential

Total

411

%
Count

77.6%
48

44.4%
28

68.7%
76

%
Count

11.0%
28

17.5%
30

12.7%
58

%
Count

6.4%
22

18.8%
31

9.7%
53

%
Count

5.0%
438

19.4%
160

8.9%
598

%

100.0%

100.0% 100.0%

Table 3.11: All survey respondents inside MNP areas were more likely than those outside
a MNP area to rate a non-profit as very, moderately, or slightly influential and all survey
respondents outside a MNP area were more likely than those inside a MNP area to rate a
non-profit as not at all influential (p=0.000).

Assistance from government or organization
staff with applications and paperwork
Definitely
no

Probably
no

Probably
yes

Definitely
yes

Total

In which state is Maine
your home,
business, or
New
facility located? Hampshire

Count
%

8
11.0%

43
58.9%

17
23.3%

5
73
6.8% 100.0%

Count
%

17
26.6%

25
39.1%

14
21.9%

8
64
12.5% 100.0%

New York

Count
%

2
5.1%

18
46.2%

12
30.8%

7
39
17.9% 100.0%

Vermont

Count
%

4
10.8%

17
45.9%

11
29.7%

5
37
13.5% 100.0%

Count
%

31
14.6%

103
48.4%

54
25.4%

25
213
11.7% 100.0%

Total

Table 3.12: There was no relationship between states and whether non-adopters would
have changed their decision if offered any or more of the supports listed except
“assistance from government or organization staff with applications and paperwork.”
Non-adopters from New York were more likely than non-adopters from other states to
say, “definitely yes” and non-adopters from New Hampshire were more likely than nonadopters from other states to say, “definitely no” (p=0.054).
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Did you purchase an
automated wood pellet
boiler or furnace?
Total

When were you deciding whether or not to
convert to an automated wood pellet system?
Before
During or
Spanned before
January
after January and after January
2015
2015
2015
Yes Count
274
126
49

Total
449

%
No Count

61.0%
91

28.1%
80

10.9% 100.0%
52
223

%
Count

40.8%
365

35.9%
206

23.3% 100.0%
101
672

%

54.3%

30.7%

15.0% 100.0%

Table 3.13: The majority of adopters purchased AWPH before Jan. 2015 (61%).
Adopters were more likely than non-adopters to have considered adoption before Jan.
2015 and non-adopters were more likely than adopters to have considered AWPH during
or after Jan. 2015 or spanned before and after Jan. 2015 (p=0.000).

When were you deciding
whether or not to convert to an
automated wood pellet system?
Spanned
During or before and
Before
after
after
January January
January
2015
2015
2015
Total
What were the top Did not choose “I found Count
78
52
38
168
two reasons you
out about the available %
46.4%
31.0%
22.6% 100.0%
considered
rebates/incentives.”
purchasing an
“I found out about the Count
13
28
14
55
automated wood
available
%
23.6%
50.9%
25.5% 100.0%
heating system?
rebates/incentives.”
Total

Count
%

91
40.8%

80
35.9%

52
223
23.3% 100.0%

Table 3.14: Non-adopters who chose “I found out about rebates and incentives” as one
of their top two reasons for considering adoption of AWPH were more likely than nonadopters who did not choose this reason to have considered adopter during or after Jan.
2015. Those who did not chose this as one of their top two reasons were more likely than
those who did to have considered AWPH before Jan. 2015 (p=0.007).
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What were the top
two reasons you
considered
purchasing an
automated wood
heating system?

Total

Did not choose “My
heating system was
failing/failed or
otherwise not
meeting my needs”
“My heating system
was failing/failed or
otherwise not
meeting my needs.”

When were you deciding whether
or not to convert to an automated
wood pellet system?
Spanned
During or before and
Before
after
after
January January
January
2015
2015
2015
Count
196
66
32
%

Total
294

66.7%

22.4%

78

60

%

50.3%

38.7%

11.0% 100.0%

Count
%

274
61.0%

126
28.1%

49
449
10.9% 100.0%

Count

10.9% 100.0%

17

155

Table 3.15: Adopters who chose “my heating system was failing/failed or otherwise not
meeting my needs” as one of their top two reasons for considering adoption of AWPH
were more likely than adopters who did not select this to have adopted during or after
Jan. 2015. Adopters who did not chose this as one of their top two reasons were more
likely to have adopted before Jan. 2015 (p=0.001).
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Figure 3.4: The upfront cost of an AWPH system is a large disadvantage.
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Figure 3.5: All survey respondents who considered AWPH during or after Jan. 2015
ranked upfront cost as less significant as those who considered it before Jan. 2015
(p=0.026). 1=Significant Decision Factor, 2=Minor Decision Factor, 3=Not A Decision
Factor
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Did you purchase an automated
wood pellet boiler or furnace?
Yes
No
How important is buying
locally grown or produced
products to you?

Total

Very
important

Count
%

283
62.7%

110
49.5%

393
58.4%

Somewhat
important

Count
%

136
30.2%

89
40.1%

225
33.4%

Slightly
important

Count

19

19

38

4.2%

8.6%

5.6%

13

4

17

2.9%

1.8%

2.5%

%

Not important Count
%

Total

Count
%

451
100.0%

222
673
100.0% 100.0%

Table 3.16: Adopters of AWPH were more likely than non-adopters to say buying local is
very important and non-adopters were more likely than adopters to say that it is
somewhat important or slightly important.
Direction of Climate
Not Pro or
Con
Con
Pro
Decision Decision Decision
Factor
Factor
Factor

Total

Did you purchase an Yes Count
automated wood
%
pellet boiler or
No Count
furnace?
%

12
2.7%

86
19.1%

353
451
78.3% 100.0%

17
7.6%

82
36.6%

125
224
55.8% 100.0%

Total

29
4.3%

168
24.9%

478
675
70.8% 100.0%

Count
%

Table 3.17: Adopters were more likely than non-adopters to consider effects on climate
change a pro in their decision and non-adopters were more likely to consider it neither a
pro nor a con or a con (p=0.000).
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Direction of Forest
Not Pro or
Con
Con
Pro
Decision Decision Decision
Factor
Factor
Factor
22
133
298

Did you purchase an Yes Count
automated wood
%
pellet boiler or
No Count
furnace?
%
Total
Count
%

Total
453

4.9%
23

29.4%
96

65.8% 100.0%
105
224

10.3%
45

42.9%
229

46.9% 100.0%
403
677

6.6%

33.8%

59.5% 100.0%

Table 3.18: Adopters were more likely than non-adopters to consider effects on forest
health a pro in their decision and non-adopters were more likely to consider it neither a
pro nor a con or a con (p=0.000).

Direction of Local
Con
Decision
Factor
Did you purchase an
automated wood pellet
boiler or furnace?
Total

Not Pro or Con
Decision Factor

Pro
Decision
Factor

Total

Yes Count
%

12
2.7%

99
22.0%

340
451
75.4% 100.0%

No Count
%

8
3.6%

86
38.6%

129
223
57.8% 100.0%

Count
%

20
3.0%

185
27.4%

469
674
69.6% 100.0%

Table 3.19: Adopters were more likely than non-adopters to consider effects on the local
economy a pro in their decision and non-adopters were more likely to consider it neither
a pro nor a con (p=0.000).

Direction of Culture
Con
Decision
Factor
Did you purchase an
automated wood pellet
boiler or furnace?
Total

Not Pro or Con
Decision Factor

Pro
Decision
Factor

Total

Yes Count
%

7
1.6%

181
40.2%

262
450
58.2% 100.0%

No Count
%

8
3.6%

123
54.9%

93
224
41.5% 100.0%

Count
%

15
2.2%

304
45.1%

355
674
52.7% 100.0%

230

Table 3.20: Adopters were more likely than non-adopters to consider effects on the local
culture a pro in their decision and non-adopters were more likely to consider it neither a
pro nor a con or a con (p=0.000).

Significance of Cost
Minor
Decision
Factor

Significant
Decision Factor
Did you purchase an
automated wood pellet
boiler or furnace?
Total

Not a
Decision
Factor

Total

Yes Count
%

186
40.9%

195
42.9%

74
455
16.3% 100.0%

No Count
%

151
66.5%

53
23.3%

23
227
10.1% 100.0%

Count
%

337
49.4%

248
36.4%

97
682
14.2% 100.0%

Table 3.21: Non-adopters were more likely than adopters to say that cost was a
significant decision factor and adopters were more likely to say it was a minor decision
factor. Adopters were also more likely to say that cost was not a decision factor
(p=0.000).

What were the top two
reasons you considered
purchasing an automated
wood heating system?

Outside
MNP
Area
423

Inside
MNP
Area
138

561

Did not chose “I wanted
something easier to
manage than my current
system.”

Count
%

86.7%

79.3%

84.7%

“I wanted something
easier to manage than
my current system.”

Count
%

65
13.3%

36
20.7%

101
15.3%

Count
%

488
100.0%

Total

174
662
100.0% 100.0%

Table 3.22: All survey respondents within MNP areas were more likely than those outside
to say that “I wanted something easier to manage than my current system” was one of
their top two reasons for considering a AWPH system (p=0.02).
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What type of heating system were
you considering replacing with an
automated wood pellet system?

Did not choose
“Firewood stove or
boiler”
Firewood stove or
boiler
Firewood stove or
boiler

Total

Outside
MNP
Area
410

Inside
MNP
Area
124

534

84.2%

72.5%

81.2%

Count

77

47

124

%
Count

15.8%
487

27.5%
171

18.8%
658

Count
%

%

100.0%

Table 3.23: All survey respondents in MNP areas were more likely than those outside to
be considering switching from a firewood stove or boiler to AWPH.

Outside MNP
Area
Effects on air
quality

Total

Inside MNP
Area

A significant con

Count
%

5
1.8%

2
2.7%

7
2.0%

A minor con

Count
%

12
4.4%

1
1.3%

13
3.7%

Neither pro nor
con

Count
%

98
36.0%

13
17.3%

111
32.0%

A minor pro

Count
%

75
27.6%

26
34.7%

101
29.1%

A significant pro

Count
%

82
30.1%

33
44.0%

115
33.1%

Count
%

272
100.0%

75
347
100.0% 100.0%

Table 3.24: All survey respondents in a MNP area were more likely than those outside of
a MNP area to consider air quality a significant or minor pro before Jan. 2015. All
survey respondents in a MNP area were less likely than those outside of a MNP area to
consider effects on air quality neither a pro nor a con (p=0.014).
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Figure 3.6: All residential respondents who were 75 or older ranked past experience of
wood heat more significantly than those who were 55-64 (p=0.041), 45-54 (p=0.014),
and 25-44 (p=0.001) but not more than residential respondents 65-74 years of age. All
residential respondents who were 65-74 ranked past experience with wood heat more
significantly than residential respondents who were 45-54 (p=0.016) and 25-44
(p=0.000) but not more than residential respondents who were 55-64. All residential
respondents who were 55-64 ranked past experience with wood heat more significantly
than residential respondents who were 25-44 (p=0.20) but not more than residential
respondents where were 45-54. All residential respondents who were 45-54 did not rank
past experience with wood heat more significantly than residential respondents who were
25-44. 1=Significant Decision Factor, 2=Minor Decision Factor, 3=Not A Decision
Factor
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Appendix O: Descriptive statistics and SPSS outputs for data presented in Chapter
Four

Figure 4.1: All survey respondents in New York ranked the influence of a state program
as more influential than those in New Hampshire (p=0.000) and Maine (p=0.04) and
Vermont (p=0.047). 1=Not at all influential, 2=Slightly influential, 3=Moderately
influential, 4=Very influential
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Figure 4.2: Adopters in Maine considered rebates less influential than adopters in NH
(p=0.013) and in NY (p=0.001). Adopters in VT considered rebates less influential than
adopters in NY (p=0.009). No relationship between NH and NY. 1=Not at all influential,
2=Slightly influential, 3=Moderately influential, 4=Very influential
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Figure 4.3: Adopters in NH and NY found assistance from government or organization
staff with applications and paperwork to be more influential than adopters in ME
(p=0.029 and 0.003 respectively). Adopters in NY found this support more influential
than adopters in VT (p=0.005). 1=Not at all influential, 2=Slightly influential,
3=Moderately influential, 4=Very influential

236

Assistance from government or organization
staff with applications and paperwork
Definitely Probably Probably Definitely
no
no
yes
yes

Total

In which state is Maine
your home,
business, or
New
facility located? Hampshire

Count
%

8
11.0%

43
58.9%

17
23.3%

5
73
6.8% 100.0%

Count
%

17
26.6%

25
39.1%

14
21.9%

8
64
12.5% 100.0%

New York

Count
%

2
5.1%

18
46.2%

12
30.8%

7
39
17.9% 100.0%

Vermont

Count
%

4
10.8%

17
45.9%

11
29.7%

5
37
13.5% 100.0%

Count
%

31
14.6%

103
48.4%

54
25.4%

25
213
11.7% 100.0%

Total

Table 4.1: Non-adopters from NY were more likely than those from other states to say
“definitely yes” when asked if “assistance from government or organization staff with
applications and paperwork” would have made them more likely to purchase an AWPH
system. Non-adopters from New Hampshire were more likely to say, “definitely no”
(p=0.054).

Direction of Availability of Bulk
Delivered Pellets
Con
Decision
Factor
In which state is your Maine
home, business, or
facility located?

Count
%

New
Hampshire

Count

New York

Count

%

%
Vermont

Count
%
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Not Pro or
Con Decision
Factor

41

37

27.2%

24.5%

42

55

14.7%

19.3%

16

19

20.3%

24.1%

31

36

19.4%

22.5%

Pro
Decision
Factor
73

Total
151

48.3% 100.0%
188

285

66.0% 100.0%
44

79

55.7% 100.0%
93

160

58.1% 100.0%

Total

Count
%

130

147

19.3%

21.8%

398

675

59.0% 100.0%

Table 4.2: The distribution of the significance of availability of bulk delivered pellets is
the same across all four states but all survey respondents in Maine were more likely than
those in other states to rate this factor a con and all survey particiapnts in NH were more
likely to rate it a pro (p=0.021).

Figure 4.4: Non-adopters in Maine and New York ranked a state program as more
influential than those in New Hampshire (p= 0.018 and p=0.001 respectively). Non238

adopters in Vermont ranked a state program as less influential than non-adopters in New
York (p=0.028). 1=Not at all influential, 2=Slightly influential, 3=Moderately
influential, 4=Very influential

Figure 4.5: Adopters in New York rank a state program as more influential than those in
New Hampshire (p=0.002) but adopters’ rank of influence of a state program was not
significant when New York was compared to Vermont or Maine.
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Higher level of state or federal financial

Definitely

Count

incentives or rebates

no

%

Outside MNP

Inside MNP

Area

Area
2

2

4

3.0%

25.0%

5.3%

14

2

16

20.9%

25.0%

21.3%

33

4

37

49.3%

50.0%

49.3%

18

0

18

26.9%

0.0%

24.0%

67

8

75

Probably no Count
%
Probably

Count

yes

%

Definitely

Count

yes

%

Total

Count
%

100.0%

100.0% 100.0%

Table 4.3: Non-adopters outside the MNP in Maine were more likely than non-adopters
inside the MNP to say that higher rebates would “defiantly yes” have made them more
likely to purchase an AWPH system. Non-adopters in the MNP were more likely to say,
“definitely no” (p=0.034).

Financial incentives and

Not at all influential

rebates

Outside MNP

Inside MNP

Area

Area

Count
%

Slightly influential

Count
%

Moderately

Count

influential

%

Very influential

Count
%

Total

Count
%

10

0

10

5.5%

0.0%

4.7%

13

0

13

7.1%

0.0%

6.1%

55

0

55

30.1%

0.0%

25.7%

105

31

136

57.4%

100.0%

63.6%

183

31

214

100.0%

100.0% 100.0%

Table 4.4: All adopters in the MNP in NH said that financial incentives were very
influential compared to a little over half of adopters not in the MNP (p=0.000).

Financial incentives and

Not at all influential

rebates

Count
%

Slightly influential

Count
%
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Outside MNP

Inside MNP

Area

Area
9

0

9

14.1%

0.0%

8.8%

8

4

12

12.5%

10.5%

11.8%

Moderately

Count

influential

%

Very influential

Count
%

Total

Count
%

16

6

22

25.0%

15.8%

21.6%

31

28

59

48.4%

73.7%

57.8%

64

38

102

100.0%

100.0% 100.0%

Table 4.5: Adopters in the MNP in Vermont are more likely than those not in the MNP in
Vermont to say that rebates were very influential and less likely to say not at all
influential p=0.029.

Financial incentives and

Not at all influential

rebates

Count
%

Slightly influential

Count
%

Moderately

Count

influential

%

Very influential

Count
%

Total

Count
%

Outside MNP

Inside MNP

Area

Area
15

0

15

27.8%

0.0%

19.5%

9

3

12

16.7%

13.0%

15.6%

6

2

8

11.1%

8.7%

10.4%

24

18

42

44.4%

78.3%

54.5%

54

23

77

100.0%

100.0% 100.0%

Table 4.6: Adopters in the MNP in Maine are more likely than those not in the MNP in
Maine to say that rebates were very influential and less likely to say not at all influential
p=0.019.

Income 0-$49,999

Count
% within MNP Area

$50,000-$99,999

Count
% within MNP Area

$100,000-$149,999

Count
% within MNP Area

$150,000 and above

Count
% within MNP Area

Total

Count
% within MNP Area

241

Outside MNP Area

Inside MNP Area

44

32

76

11.5%

25.0%

14.8%

141

56

197

36.7%

43.8%

38.5%

109

29

138

28.4%

22.7%

27.0%

90

11

101

23.4%

8.6%

19.7%

384

128

512

100.0%

100.0% 100.0%

Table 4.7: Residential adopters and non-adopters in MNP areas tend to have smaller
incomes than those who are not in these areas (p=0.000)

Education No Bachelor’s Count
degree
% within MNP Area
Bachelor’s
degree

Count

Beyond
Bachelor’s
degree

Count

Total

Outside MNP
Area
Inside MNP Area
118
54

% within MNP Area
% within MNP Area
Count
% within MNP Area

29.4%

39.7%

32.0%

138

29

167

34.4%

21.3%

31.1%

145

53

198

36.2%

39.0%

36.9%

401

136

537

100.0%

100.0%

100.0%

Table 4.8: Residential adopters and non-adopters in MNP areas tend to have less
education than those who are not in these areas p=0.000.

Outside
MNP
Area
What were the top two
reasons you considered
purchasing an automated
wood heating system?

Did not choose “My
heating system was
failing/failed or otherwise
not meeting my needs.”
“My heating system was
failing/failed or otherwise
not meeting my needs.”

Total

Inside
MNP
Area

Count
%

331
67.8%

134
77.0%

465
70.2%

Count

157

40

197

32.2%

23.0%

29.8%

488

174

662

%
Count
%

100.0%

100.0% 100.0%

Table 4.9: All survey respondents inside the MNP were less likely than those outside to
say that “my heating system was failing/failed” was one of their top two reasons for
considering AWPH than those outside MNP areas (p=0.023).

Count
242

172

Outside
MNP
Area
186

Inside
MNP
Area
98

284

What were the top two reasons
you considered purchasing an
automated wood heating
system?

Did not choose “I
%
wanted an alternative
to fossil fuels”
“I wanted an
Count
alternative to fossil
%
fuels.”

38.1%

56.3%

42.9%

302

76

378

61.9%

43.7%

57.1%

Count
%

488
100.0%

Total

174
662
100.0% 100.0%

Table 4.10: All survey respondents who were in the MNP were less likely than those
outside to say that “I wanted an alternative to fossil fuels” was one of their top two
reasons for considering AWPH (p=0.000).

Outside
MNP
Area
What were the top two
reasons you considered
purchasing an automated
wood heating system?

Inside
MNP
Area

Did not choose “I found out Count
about the available
%
rebates/incentives”

370
75.8%

91
52.3%

461
69.6%

“I found out about the
available
rebates/incentives”

Count
%

118
24.2%

83
47.7%

201
30.4%

Count
%

488
100.0%

Total

174
662
100.0% 100.0%

Table 4.11: All survey respondents within the MNP were more likely than those outside
to say that “I found out about the available incentives” was one of their top two reasons
for considering AWPH (p=0.000)
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Figure 4.5: Adopters who did not participate in the MNP felt that assistance in finding
and contacting distributors and/or installers was less influential than those who did
participate in the MNP (p=0.000) and those who did not know if they participated
(p=0.019). There was no significant difference between adopters who did participate and
adopters who did not know if they participated. 1=Not at all influential, 2=Slightly
influential, 3=Moderately influential, 4=Very influential
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Figure 4.6 All residential respondents who said that availability of technical support was
a significant decision factor had lower incomes than those who said it was a minor
decision factor (p=0.000). Those who made between 0-50K said that availability of
technical support was more significant than those who made between 50-100K
(p=0.042), more significant than those who made between 100-150K (p=0.004), and
more significant than those who made 150K or more (p=0.024). 1=Significant Decision
Factor, 2=Minor Decision Factor, 3=Not A Decision Factor
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Outside MNP
Area
Affordable
financing/loans

Not at all
influential

Inside MNP
Area

Count
%

224
71.1%

53
48.2%

277
65.2%

Slightly influential Count
%

18
5.7%

7
6.4%

25
5.9%

Moderately
influential

Count
%

31
9.8%

11
10.0%

42
9.9%

Very influential

Count
%

42
13.3%

39
35.5%

81
19.1%

Count
%

315
100.0%

Total

110
425
100.0% 100.0%

Table 4.12 Adopters in MNP areas were more likely than adopters outside of MNP areas
to say that affordable loans were very influential and less likely to say that they were not
at all influential (p=0.000).

Outside MNP Inside MNP
Area
Area
Count
71
15

A person or place I knew that Not at all
had one installed
influential
Slightly
influential
Moderately
influential
Very influential
Total

86

%
Count

45.8%
34

25.9%
20

40.4%
54

%
Count

21.9%
30

34.5%
17

25.4%
47

%
Count

19.4%
20

29.3%
6

22.1%
26

%
Count

12.9%
155

10.3%
58

12.2%
213

%

100.0%

100.0% 100.0%

Table 4.13 Non-adopters outside a MNP area were more likely than non-adopters inside
a MNP area to say that a person or place they knew that had an AWPH system installed
was not at all influential (p=0.031).
Did you purchase an automated wood
pellet boiler or furnace?
Yes
No
Effects on
climate change

A significant
con

Count
%

4
1.3%
246

6
3.8%

Total
10
2.1%

A minor con

Count

4

4

8

%
Neither pro nor Count
con
%

1.3%
58

2.5%
63

1.7%
121

Count

18.1%
94

39.9%
41

25.3%
135

%
Count

29.4%
160

25.9%
44

28.2%
204

%
Count

50.0%
320

27.8%
158

42.7%
478

A minor pro
A significant
pro
Total

%

100.0%

100.0% 100.0%

Table 4.14: Adopters outside of MNP areas were more likely than non-adopters outside
of MNP areas to rank effects on climate change as “a significant pro” in their decision
and non-adopters were more likely than adopters to rank it as “neither pro not con.”
(p=0.000).

Did you purchase an automated wood
pellet boiler or furnace?
Yes
No
Effects on local
economy

Total

Total

A significant
con

Count
%

1
0.3%

4
2.5%

5
1.1%

A minor con

Count
%

6
1.9%

3
1.9%

9
1.9%

Neither pro nor Count
con
%

73
22.9%

65
41.4%

138
29.0%

A minor pro

Count
%

95
29.8%

50
31.8%

145
30.5%

A significant
pro

Count
%

144
45.1%

35
22.3%

179
37.6%

Count
%

319
100.0%

157
476
100.0% 100.0%

Table 4.15: Adopters outside of MNP areas were more likely than non-adopters outside
of MNP areas to rank effects on the local economy as “a significant pro” in their
decision and non-adopters were more likely than adopters to rank it as “neither pro not
con.” (p=0.000).

Did you purchase an automated
wood pellet boiler or furnace?
Yes
Count
247

No
1

4

Total
5

Effects on local
culture/sense of place

A significant
con
A minor con
Neither pro
nor con
A minor pro
A significant
pro

Total

%

0.3%

2.5%

1.0%

Count

3

1

4

%
Count

0.9%
134

0.6%
94

0.8%
228

%
Count

41.9%
90

59.5%
31

47.7%
121

%
Count

28.1%
92

19.6%
28

25.3%
120

%
Count

28.8%
320

17.7%
158

25.1%
478

%

100.0%

100.0% 100.0%

Table 4.16: Adopters outside of MNP areas were more likely than non-adopters outside
of MNP areas to rank effects on local culture/sense of place as “a significant pro” in
their decision and non-adopters were more likely than adopters to rank it as “neither pro
not con.” (p=0.000).

Did you purchase an automated
wood pellet boiler or furnace?
Yes
A person or place I
knew that had one
installed

Count

164

87

Total
251

%
Count

37.6%
72

39.9%
55

38.4%
127

%
Count

16.5%
92

25.2%
49

19.4%
141

%
Very influential Count

21.1%
108

22.5%
27

21.6%
135

%
Count

24.8%
436

12.4%
218

20.6%
654

Not at all
influential
Slightly
influential
Moderately
Influential

Total

%

No

100.0%

100.0% 100.0%

Table 4.17: Adopters were more likely than non-adopters to say that “a person or place”
they knew was very influential (p=0.001).

Did you purchase an
automated wood pellet boiler
or furnace?
Yes
No
Count
248

77

50

Total
127

A state program (e.g.
Efficiency Vermont,
Efficiency Maine,
NYSERDA)

Not at all
influential
Slightly
influential

%

Moderately
Influential
Very
influential
Total

17.5%

22.8%

19.2%

Count

64

38

102

%
Count

14.5%
101

17.4%
76

15.5%
177

%
Count

22.9%
199

34.7%
55

26.8%
254

%
Count

45.1%
441

25.1%
219

38.5%
660

%

100.0%

100.0% 100.0%

Table 4.18: Adopters were more likely than non-adopters to say that a state program was
very influential and non-adopters were more likely than adopters to say that a state
program was moderately, slightly, or not influential (p=0.000).

Did you purchase an automated wood
pellet boiler or furnace?
Yes
Count

136

101

Total
237

%
Count

31.8%
74

46.8%
50

36.8%
124

%
Count

17.3%
103

23.1%
43

19.3%
146

%
Very influential Count

24.1%
115

19.9%
22

22.7%
137

%
Count

26.9%
428

10.2%
216

21.3%
644

A heating technician Not at all
or company
influential
Slightly
influential
Moderately
Influential

Total

%

No

100.0%

100.0% 100.0%

Table 4.19: Adopters were more likely than non-adopters to say that “a heating
technician or company” was very influential or moderately influential and non-adopters
were more likely than adopters to say that “a heating technician or company” was
slightly or not influential (p=0.000).

Did you purchase an automated
wood pellet boiler or furnace?
Yes
No
A distributor of automated Not at all
wood pellet heating
influential
systems

Total

Count
%

105
24.5%

93
42.5%

198
30.6%

Count

73

54

127

249

Slightly
influential
Moderately
Influential

%

Very
influential
Total

17.1%

24.7%

19.6%

Count

127

43

170

%
Count

29.7%
123

19.6%
29

26.3%
152

%
Count

28.7%
428

13.2%
219

23.5%
647

%

100.0%

100.0% 100.0%

Table 4.20: Adopters were more likely than non-adopters to say that a distributor was
very influential or moderately influential and non-adopters were more likely than
adopters to say that a distributor was slightly or not influential (p=0.000).

Did you purchase an automated
wood pellet boiler or furnace?
Yes
A non-profit or
community
organization

Count

284

143

Total
427

%
Count

68.9%
47

68.1%
32

68.6%
79

%
Count

11.4%
34

15.2%
26

12.7%
60

%
Very influential Count

8.3%
47

12.4%
9

9.6%
56

%
Count

11.4%
412

4.3%
210

9.0%
622

Not at all
influential
Slightly
influential
Moderately
Influential

Total

%

No

100.0%

100.0% 100.0%

Table 4.21: Adopters were more likely than non-adopters to say that a non-profit was
very influential (p=0.008).

Did you purchase an automated wood pellet
boiler or furnace?
Yes
Internet
research

Not at all
influential
Slightly
influential
Moderately
Influential
Very influential

Count

108

24

Total
132

%
Count

25.4%
86

11.1%
33

20.5%
119

%
Count

20.2%
116

15.2%
90

18.5%
206

%
Count

27.2%
116

41.5%
70

32.0%
186

250

No

%
Total

27.2%

Count
%

426
100.0%

32.3%

28.9%

217
643
100.0% 100.0%

Table 4.22: Adopters were more likely than non-adopters to say that the internet was not
at all influential or slightly influential. Non-adopters were more likely to say that the
internet was very or moderately influential (p=0.000).

Figure 4.7: Adopters who did not participate in the MNP felt that the ability to view
previously installed systems was less influential than adopters who did participate in the
251

MNP (p=0.014) and adopters who did not know if they participated (p=0.013). There
was no significant difference between adopters who did participate and adopters who did
not know if they participated. 1=Not at all influential, 2=Slightly influential,
3=Moderately influential, 4=Very influential

Figure 4.8: Adopters who did not participate in the MNP felt that the knowledge that
others in their town were also installing AWPH was less influential than adopters who
did participate in the MNP (p=0.00) and adopters who did not know if they participated
(p=0.003). There was no significant difference between adopters who did participate and
adopters who did not know if they participated. 1=Not at all influential, 2=Slightly
influential, 3=Moderately influential, 4=Very influential
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Direction of Availability of Technical
Support
Con
Decision
Factor
Did you purchase an
automated wood pellet
boiler or furnace?
Total

Not Pro or Con
Decision Factor

Pro
Decision
Factor

Total

Yes Count
%

62
13.8%

77
17.1%

311
450
69.1% 100.0%

No Count
%

69
30.7%

90
40.0%

66
225
29.3% 100.0%

Count
%

131
19.4%

167
24.7%

377
675
55.9% 100.0%

Table 4.23: Adopters were more likely than non-adopters to consider “availability of
technical support” a pro and non-adopters were more likely than adopters to consider
availability of technical support a con or neither pro nor con (p=0.000).

Direction of Availability of Bulk Delivered
Pellets

Did you purchase an
automated wood pellet
boiler or furnace?
Total

Yes Count

Con
Decision
Not Pro or Con
Factor
Decision Factor
43
78

Pro
Decision
Factor
331

Total
452

%
No Count

9.5%
87

17.3%
70

73.2% 100.0%
69
226

%
Count

38.5%
130

31.0%
148

30.5% 100.0%
400
678

%

19.2%

21.8%

59.0% 100.0%

Table 4.24: Adopters were more likely than non-adopters to consider availability of bulk
delivered pellets a pro and non-adopters were more likely than adopters to consider it
either a con or neither pro nor con (p=0.000).

Outside MNP
Area
Availability of technical
support

Inside MNP
Area

A significant
con

Count
%

15
5.5%

6
8.0%

21
6.1%

A minor con

Count
%

43
15.9%

7
9.3%

50
14.5%

Count

63

11

74

253

Neither pro nor
con
A minor pro

23.2%

14.7%

21.4%

Count

68

10

78

%
A significant pro Count

25.1%
82

13.3%
41

22.5%
123

%
Count

30.3%
271

54.7%
75

35.5%
346

Total

%

%

100.0%

100.0% 100.0%

Table 4.25: All survey respondents in MNP areas were more likely than those outside of
MNP areas to consider availability of technical support as “a significant pro” before
Jan. 2015 (p=0.001).

Assistance in finding and
contacting distributors and/or
installers

Outside
Inside
MNP Area MNP Area
Count
57
0

Not at all
influential

57

%
Count

31.7%
34

0.0%
0

27.0%
34

%
Count

18.9%
52

0.0%
14

16.1%
66

%
Very influential Count

28.9%
37

45.2%
17

31.3%
54

%
Count

20.6%
180

54.8%
31

25.6%
211

Slightly
influential
Moderately
influential

Total

%

100.0%

100.0% 100.0%

Table 4.26: Adopters in the MNP in New Hampshire were more likely than those outside
of the MNP in New Hampshire to say that assistance in finding and contacting
distributors and/or installers was very or moderately influential and less likely than those
outside of the MNP to say that assistance was not at all or slightly influential (p=0.000).

Assistance in finding and
contacting distributors and/or
installers

Outside
Inside
MNP Area MNP Area
Count
22
2

Not at all
influential

24

%
Count

40.7%
9

9.5%
5

32.0%
14

%
Count

16.7%
12

23.8%
6

18.7%
18

%
Very influential Count

22.2%
11

28.6%
8

24.0%
19

20.4%

38.1%

25.3%

Slightly
influential
Moderately
influential

%
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Total

Count
%

54
100.0%

21

75

100.0% 100.0%

Table 4.27: Adopters in the MNP in Maine were more likely than those outside of the
MNP in Maine to say that assistance in finding and contacting distributors and/or
installers was very or moderately influential and less likely than those outside of the
MNP to say that assistance was not at all or slightly influential (p=0.043).

What type of heating system were
you considering replacing with an
automated wood pellet system?

Did not choose
“Firewood stove
or boiler”
Firewood stove or
boiler

Total

Outside
MNP
Area
410

Inside
MNP
Area
124

534

84.2%

72.5%

81.2%

Count

77

47

124

%
Count

15.8%
487

27.5%
171

18.8%
658

Count
%

%

100.0%

100.0% 100.0%

Table 4.28: All survey respondents in a MNP area were more likely than those outside of
an MNP area to be considering switching from a firewood stove or boiler to AWPH.

Did you purchase an automated wood pellet
boiler or furnace?
Yes
No

Total

Effects on forest A significant
health
con

Count
%

0
0.0%

1
1.6%

1
0.6%

A minor con

Count
%

3
2.7%

7
11.5%

10
5.8%

Neither pro nor Count
con
%

33
29.7%

16
26.2%

49
28.5%

A minor pro

Count
%

35
31.5%

26
42.6%

61
35.5%

A significant
pro

Count
%

40
36.0%

11
18.0%

51
29.7%

Count
%

111
100.0%

Total

61
172
100.0% 100.0%

Table 4.29: Adopters in MNP areas were more likely than non-adopters in the MNP area
to say that effects on forest health was “a significant pro” in their decision on whether to
purchase AWPH (p=0.012).
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Appendix P: Removing non-residential survey participants from data analysis
I sought to send the survey to all purchasers of advanced wood pellet heating
systems in the study region. Vermont, New Hampshire, and New York had joint
programs for both homeowners and commercial facilities — which included non-profit
and public buildings — so all these building types received surveys. Maine, however, did
not have a program for commercial facilities, non-profits, or public buildings. I was able
to send these Maine facilities surveys through contact information I received through
AWPH distributors and installers.
These early adopting facilities are important to capture because they play an
outsized role in the adoption process – they are often much more visible and viewable
than an individual home. If people are involved in the discussions around choosing
AWPH for an institution that they are a member of or pay taxes toward, such as a church
or town hall, then more people are made aware of the pros and cons of AWPH systems. If
they trust the institutional adopter, they might be more favorable towards looking into it
for themselves. However, there are relatively few facilities that have installed AWPH in
the region, compared to residential installations, as demonstrated in Table 1.
Residential
Participant

Business or
commercial
facility (includes
multi-family
residences)
46
18

Public Facility
(e.g. school,
community
center, town
hall)
15
7

Non-profit
facility

Adopters
375
13
Informed
189
4
NonAdopters
Total
564
64
22
17
Table 1: Survey participant categorization on the basis on adopter or informed nonadopter building type.
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When removing non-residential survey participants from the analysis in a few key
topics, SPSS outputs remained statistically similar. Comparing adopters and nonadopters, for example, and the results of Survey Question One, which asked participants
to rank their top two reasons for considering the purchase of AWPH, had the same results
when non-residential participants were removed. Adopters were more likely than nonadopters to select “I found out about the available rebates/incentives” (Table 2) and “my
heating system failed/was failing” (Table 3). Non-adopters were more likely than
adopters to select, “my heating bills were too expensive” (Table 4). Other reasons were
not statistically significant, and this was true when non-residential participants were
included in analysis.
What were the top two reasons you considered
purchasing an automated wood heating system?

Did you purchase an

I found out about the

about the available

available

rebates/incentives”

rebates/incentives

Yes Count

automated wood pellet
boiler or furnace?

Did not choose “I found out

%
No

Count
%

Total

Count
%

Total

247

128

375

63.7%

72.7%

66.5%

141

48

189

36.3%

27.3%

33.5%

388

176

564

100.0%

100.0% 100.0%

Table 2: Residential adopters were more likely than residential non-adopters to choose
“I found out about the available rebates/incentives (p=0.035). The same was true when
non-residential participants were included in analysis.
What were the top two reasons you considered purchasing
an automated wood heating system?
Did not choose “My heating
system was failing/failed or

My heating system was

otherwise not meeting my

failing/failed or otherwise

needs.”

not meeting my needs.

Yes Count
%

257

Total

244

131

375

62.4%

75.7%

66.5%

Did you purchase an

No

automated wood pellet

Count
%

147

42

189

37.6%

24.3%

33.5%

391

173

564

boiler or furnace?
Total

Count
%

100.0%

100.0% 100.0%

Table 3: Residential adopters were more likely than residential non-adopters to choose
“My heating system was failing/failed” (p=0.02). The same was true when nonresidential participants were included in analysis.
What were the top two reasons you considered
purchasing an automated wood heating system?

Did you purchase an

My heating bills were

bills were too expensive.”

too expensive.

Yes Count

automated wood pellet boiler
or furnace?

Did not chose “My heating

%
No

Count
%

Total

Count
%

Total

299

76

375

71.2%

52.8%

66.5%

121

68

189

28.8%

47.2%

33.5%

420

144

564

100.0%

100.0% 100.0%

Table 4: Residential non-adopters were more likely than residential adopters to choose
“My heating bills were too expensive (p=0.000). The same was true when non-residential
participants were included in analysis.
Results for Survey Question Five, which asked participants to rank how influential
sources of information were for them in their decision on whether to purchase AWPH
also remained statistically similar when non-residential participants were removed from
the analysis. Residential adopters were more likely than residential non-adopters to say
that “a person or place they knew that had one installed”, “a state program”, “a heating
technician or company” and “a distributor of AWPH systems” were very influential in
their decision (p=0.003, p=0.002, p=0.000, p=0.000 respectively). Residential nonadopters were more likely than residential adopters to say that “the internet” was
moderately or very influential and residential adopters were more likely than residential
non-adopters to say that “the internet” was not at all influential (Table 5). This was also
true when all survey participants were combined.
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Internet research

Did you purchase an

Slightly

Moderately

Very

influential

influential

influential

influential

Yes Count

automated wood pellet
boiler or furnace?

Not at all

%
No

85

73

98

23.8%

20.4%

27.5%

18

27

78

9.8%

14.8%

42.6%

103

100

176

19.1%

18.5%

32.6%

Count
%

Total

Count
%

Total

101

357

28.3% 100.0%
60

183

32.8% 100.0%
161

540

29.8% 100.0%

Table 5: Residential non-adopters were more likely than residential adopters to say that
“the internet” was moderately or very influential and residential adopters were more
likely than residential adopters to say that “the internet” was not at all influential
(p=0.000).
Finally, in Survey Question Eight, participants were asked to rank the influence of
value-based factors in their decision on whether to adopt AWPH. Results were
statistically similar when non-residential participants were removed from SPSS analysis.
Residential adopters were more likely than residential non-adopters to say that forest
health was a minor or significant pro and residential non-adopters were more likely than
residential adopters to say forest health was a significant con, a minor con or “neither pro
nor con” in their decision (p=0.000). The same was true of climate change (Table 6), the
local economy (p=0.000) and the local culture (p=0.001).
Effects on climate change

Did you purchase an

Yes Count

automated wood pellet
boiler or furnace?
Total

A

Neither

A

significant

minor

pro nor

A minor

significant

con

con

con

pro

pro

4

4

72

105

1.1%

1.1%

19.6%

28.5%

Count

8

8

70

46

%
Count
%

4.3%
12
2.2%

4.3%
12
2.2%

37.4%
142
25.6%

24.6%
151
27.2%

%
No

A

Total
183

368

49.7% 100.0%
55

187

29.4% 100.0%
238
555
42.9% 100.0%

Table 6: Residential adopters were more likely than residential non-adopters to say that
climate change was a minor or significant pro and residential non-adopters were more
likely than residential adopters to say climate change was a significant con, minor con or
“neither pro nor con” in their decision (p=0.000).
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In SPSS data analysis, I combined data for residential and facility survey
participants, with the exception of any analysis that included demographic data such as
age, income, and education levels. Facilities were excluded from demographic analysis
because I found that residential and business survey participants were more likely to
answer these survey questions that public facilities and non-profits (p=0.000). I therefore
decided to only use residential information in any analysis that include age, income, or
education levels. For other survey question, residential and facility survey participant
data was combined in order to capture the perspectives of all early adopters of AWPH.
The tables above demonstrate that because AWPH is in the early stages of adoption
in the study region, separating facilities from residential participants would have resulted
in a small sample size for facilities, especially when further stratified by state or date of
decision-making. However, as Chapters Three and Four are prepared for submission into
peer-reviewed journals, I will further explore where and how to separate out residential
participants from facilities in reporting data.
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